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 Abstract 
Considering matters of time is essential for the study of artefact assemblages from 
shallow open sites on the Cumberland Plain of western Sydney. Matters of time are 
not optional extras. Open sites can have different histories of artefact accumulation, 
as indicated by varying proportions of different raw material types with depth of 
deposit. These raw material changes are consistent with demonstrated regional 
changes and provide very rough chronologies for the phases during which artefacts 
accumulated. As it is not often possible to use stratigraphy to distinguish between 
older and younger artefacts on these sites, the artefact assemblages are treated in 
this thesis as time-averaged palimpsests. This research has demonstrated that the 
nature of silcrete assemblages tend to differ depending on the temporal phases of 
artefact accumulation. Assemblages which have accumulated during one phase (the 
Bondaian or Phase 2) demonstrate trends with increasing distance from quarries 
(distance-decay); more so than assemblages which accumulated during multiple 
temporal phases. Change in silcrete procurement and reduction strategies during the 
earliest phase (Pre-Bondaian or Phase 1) and during the most recent phase (Late 
Bondaian or Phase 2B) are affected by the nature of time-averaged assemblages, 
disrupting distance-decay trends. Further, assemblages from high density knapping 
concentrations – single episodes of knapping activity – are highly varied, even within 
single sites. The approach and methods adopted in this research are likely to be 
applicable to many other regions where otherwise undated stone artefacts in 
shallow deposits are the predominant type of archaeological evidence. 
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1.0 Introduction 
1.1 Matters of time 
Matters of time have been a major concern of Australian archaeology, with many 
studies seeking to establish when sites and regions were first occupied, what 
changes occurred in stone technology, occupation strategies or aspects of social life, 
and when such change occurred (Hiscock 2008; Mulvaney and Kamminga 1999; Ulm 
2006:7-11; Veth 2006; White and O’Connell 1982). However, matters of time are 
concerned with more than just when events happened or when change occurred 
(e.g. Bailey 1983, 2007, 2008; Fletcher 1992; Holdaway and Wandsnider 2008; 
Knapp 1992; Lucas 2005; Murray 1999; Rossignol and Wandsnider 1992; Wallace 
2011). 
Time matters for stone artefact assemblages in several ways:  
1. Change occurred and may now be evident as change in stone technology, 
interpretable as change in economy, land use strategies, social relations, 
population size, and so on (e.g. Attenbrow 2004; McDonald 2008). The pace of 
change may be slow or fast (e.g. Johnson 2004:271; Stewart 2015). Change in 
stone artefact asssemblages may occur independently of change in other 
aspects of history, or correlate with, or even be causally linked with, change in 
other aspects such as climate, art, faunal remains, mortuary practices etc (e.g. 
Hiscock 1994, 2008; Pardoe 1988; Veth 2006). 
2. Sites (here defined as areas of land with artefacts) have their own histories of 
human occupation, artefact discard and geomorphic processes which affect the 
nature of surviving artefacts, their spatial and vertical distributions, and the time 
spans or cultural phases represented by those artefacts (e.g. Holdaway and 
Fanning 2014; Shiner 2008, 2009; Stein 2001). Sites may be various types of 
palimpsests (Bailey 2007). They are also the locations where behavioural 
processes operating at different spatial scales and change occurring at different 
times, intersect (Marston et al. 2005:425); 
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3. Artefact assemblages may be time-averaged. Artefacts discarded at different 
times and under different conditions may occur on a site, even though they 
were never part of the same activities, the same solutions to the same problems 
or made and discarded by people with the same social affinities (e.g. al-Nahar 
and Olszewski 2016; Allen and Holdaway 2009; Holdaway 2013; Lyman 2003; 
Stern 1994, 2008). Time-averaging is discussed further in section 2.4.2;  
4. Opportunities to obtain chronological information for artefact assemblages may 
vary, as may the resolution of that chronological information (e.g. Holdaway 
2013; Stern 1994, 2008). This may depend on the chronological association of 
artefacts with dateable features (e.g. hearths, Shiner 2009) or with the dateable 
sediments in which they occur (Hewitt and Allen 2010; Holdaway 2013; Hughes 
et al. 2014; McDonald et al. 1996; Stern 1994, 2008; Toms 2014, 2015; also 
Stockmann et al. 2013) or whether there are opportunities to develop relative 
chronologies (older versus younger, e.g. Draper 1987; Hallam 1972; Ross 1981; 
White 2017); 
5. Assemblage variation occurs, and patterns may emerge, over different spans 
(scales) of time, which may or may not include cultural change (e.g. Allen and 
Holdaway 2009; Bailey 1983, 2007, 2008; Fletcher 1992; Hodder 1987; 
Holdaway and Wandsnider 2008; Knapp 1992; Lucas 2005; Murray 1999; Robb 
and Pauketat 2013; Stern 2008, 2015); and 
6. The methods by which artefact assemblages and other information are 
recovered and analysed must be able to take matters of time into account, 
particularly the various types of palimpsests which may be present (Bailey 2007; 
Murray 2008), the processes by which artefacts became incorporated into 
sediments (e.g. Hughes et al. 2014) and whether sites retain evidence for the 
time span or phases of artefact accumulation. 
I contend that these matters of time are often essential for the analysis and 
interpretation of stone artefact assemblages. Considering matters of time is not the 
prerogative of deep chronologically stratified deposits but applies just as much to 
shallow open sites. This is demonstrated by the current study of artefact 
assemblages from open sites on the Cumberland Plain. The theory and methods 
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discussed in this study are likely to be applicable to many other regions, in Australia 
and other countries, where buried but shallow open artefact sites are prolific and 
the primary source of archaeological evidence. 
1.2 Research question and study objectives  
The current research asks whether, and if so how, time matters for artefact 
assemblages from shallow open sites on the Cumberland Plain of western Sydney? 
This question incorporates the six matters of time identified above, using data 
recorded during numerous consultancy projects. In this region the nature of 
artefacts tend to vary with raw material type (Appendix 2), so the current study 
focusses on analysis of silcrete artefacts as these are the most abundant.  
The objectives of this study are:  
 To ensure that selected sites were excavated in appropriate ways to sample 
different types of palimpsests, that artefact sample sizes are sufficiently large to 
account for random variation, statistical methods are appropriate, and that 
artefact variables are clearly defined and relate to the nature of silcrete 
reduction on the Cumberland Plain; 
 To define and analyse silcrete knapping concentrations, as a particular type of 
individual knapping activity, each assemblage having accumulated over very 
short time spans; 
 To identify whether particular geomorphic contexts or processes might 
contribute to the survival of artefacts of different ages, promote the formation 
of different types of palimpsests, and affect age determinations and the phases 
of artefact accumulation; 
 To describe the nature of regional and local change in stone artefact 
assemblages, to provide chronologies for those changes where possible, identify 
sites with different histories of artefact accumulation, and assess whether 
change over time and the phases of artefact accumulation affected the nature 
of silcrete artefact assemblages on the Cumberland Plain; 
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 To identify the presence of trends with increasing distance from quarries 
(distance-decay) and whether those trends are affected by the cultural phases 
during which artefacts accumulated; 
 To assess the utility of water and food resources models on the Cumberland 
Plain, given the complex inter-related nature of landscape variables and 
geomorphic processes in the region; 
 To use the results of the current study to update knowledge of the archaeology 
of the Cumberland Plain; 
 To summarise and discuss the results in relation to the research question, and 
 To provide Local Aboriginal communities with opportunities to comment on the 
progress of the study and its results (section 1.5). 
 
1.3 Previous studies of open artefact sites in Australia 
1.3.1  Open artefact sites 
In Australia open artefact sites consist entirely or predominantly of stone artefacts 
in open landscape settings. Some sites may have hearths or ovens and if 
preservation is good, some may also have animal or plant remains. Such 
archaeological materials may vary in density and be scattered over large areas, 
usually thousands of square metres, sometimes over hundreds of hectares. 
Artefacts may be exposed, lying on eroded or disturbed ground surfaces, or buried 
below the ground surface. This type of site is the most common type of site in 
Australia, and the predominant type of site in some regions. Open artefact sites are 
commonly impacted upon by modern development and in some regions are being 
destroyed at a rapid rate (e.g. by suburban, mining and infra-structure 
developments). Yet, theory and methods for the study of open sites are not well 
developed.  
Open artefact sites are often perceived to be difficult to study for several reasons. 
They usually lack the chronological resolution which may be provided by other 
types of sites, such as rock shelter deposits, shell middens and mounds. Deposits 
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are rarely stratified in a chronologically meaningful way (Holdaway et al. 1998:1), 
artefacts are not often in direct association with dateable features such as hearths, 
and it cannot always be assumed that artefacts located in spatial proximity are of 
similar age (Holdaway et al. 2004:34). While assemblages from different flaking and 
discard activities can sometimes be identified (e.g. Neyland 2016; Stern 2015; 
Tumney 2011; Way 2018; White 2012) the temporal associations of these individual 
assemblages usually remain unknown (Bailey 2007). Artefact assemblages usually 
accumulated over unknown spans of time, are time-averaged (al-Nahar and 
Olszewski 2016; Bailey 2007; Holdaway and Wandsnider 2006; Stern 1994, 2008) 
and form different kinds of spatial and cumulative palimpsests (cf. Bailey 2007).  
Most published or peer-reviewed research of open sites involves scatters of stone 
artefacts lying exposed on eroded ground surfaces or exposed by land disturbance, 
and rarely of excavated sites (e.g. Barton 2003, 2008; Byrne 1980, 1984; Cochrane 
et al. 2013; Egloff 1984; Holdaway and Fanning 2014; Holdaway et al. 1998; Kohen 
1986; Neyland 2016; Ryan and Morse 2009; Shiner 2009; Thorley 1998; Veth 1993; 
Wallis and Collins 2013; Witter 1990). Some indication of the phase of occupation, 
and the time spans of artefact accumulation, have been obtained by dating hearths 
or other materials (e.g. Holdaway et al. 2005b; Shiner 2009; Wallis and Collins 
2013). Some published studies are of open sites in particular geomorphic contexts 
which provide chronologically meaningful stratigraphy, such as some alluvial 
terraces, swamps, source-bordering dunes, lunettes, sand sheets and other sand 
bodies (see below). However, open artefact sites which are partly or entirely buried 
in shallow deposits have generally received much less attention in the published 
Australian literature. 
1.3.2  Geoarchaeological approaches to open sites 
Geoarchaeological studies have the potential to add a temporal dimension to 
research, asking how the archaeological record formed and was subsequently 
transformed by geomorphic processes (e.g. Holdaway and Fanning 2008, 2014). 
Following discard by people, artefacts may have been displaced vertically and 
horizontally, artefacts discarded at different times may have been mixed together 
(forming cumulative palimpsests, Bailey 2007:204-205), or conversely artefacts of 
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any age may be scattered across large areas, forming spatial palimpsests (cf. Bailey 
2007:205-207). Averaged over hundreds or thousands of years, different parts of a 
landscape could have accumulated or lost artefacts and sediment, or not changed 
(Holdaway and Fanning 2014).  
Some open sites in particular geomorphic contexts with relatively deep deposits 
(c.1m or more) have been excavated to determine when regions were first 
occupied, whether change over time occurred, or to address particular issues, such 
as the role of humans in megafauna extinctions. Examples of such open sites are 
located in various geomorphological contexts: an alluvial terrace of the 
Maribyrnong River at Keilor near Melbourne (Munro 1998), a source-bordering 
dune at Blackfellows Waterhole in Victoria (Richards 2013), a spring-fed swamp at 
Lime Springs in NSW (New South Wales) (Gorecki et al. 1984), a claypan at Cuddie 
Springs in NSW (Field 2006; Field and Dodson 1999; Gillespie and Brook 2006), 
lunettes at Box Gully in Victoria (Richards et al. 2007) and Lake Mungo in NSW (e.g. 
Bowler et al. 1970; Foley et al. 2017; Stern 2015; Stern et al. 2013; Tumney 2011), 
sand sheets in northern Australia in the Keep River region (Head 2008; Ward 2004; 
Ward et al. 2006) and at Bend Road in Melbourne (Hewitt and Allen 2010), rare 
sand bodies on the Cumberland Plain at Pitt Town (Williams et al. 2012, 2014) and 
Parramatta (JMcD CHM 2005c) and some lower slopes on sandstone geology in the 
Rouse Hill district of the Cumberland Plain (e.g. site RH/CC2, JMcD CHM 2005a). All 
these sites have relatively deep deposits and some variously include faunal remains, 
hearths, ovens or burnt features, as well as stone artefacts. Some of these sites 
(Bend Road, Cuddie Springs, Keilor, Lime Springs, Pitt Town 12, Parramatta RTA-G1, 
RH/CC2, RH/CD7) show change over time in the nature of artefact assemblages. 
These sites in specific types of geomorphic contexts with deep deposits provide 
exciting opportunities to investigate specific archaeological issues. But the great 
majority of open artefact sites have shallow deposits, usually less than 400mm deep 
and are not chronologically stratified. 
Recently, geoarchaeology has been used to investigate the ages and processes of 
landscape formation relevant to open sites in western NSW and central South 
Australia (e.g. Bowler et al. 1970; Holdaway et al. 1998; Holdaway et al. 2005a, 
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2005b; Holdaway and Fanning 2008, 2014; Neyland 2016; Stern et al. 2013; see also 
Dibble et al. 2016). An early study of landscape scale geomorphological processes 
was also conducted at Kakadu in northern Australia (e.g. Hope et al. 1985). The 
effects of soil formation and/or erosion on artefact assemblages has been discussed 
for the Hunter Lowlands (Hughes et al. 2014). Experimental studies of artefact 
movement on open sites have also been conducted (e.g. Haglund 2002; Robins 
1999; Schick 1986). 
A landscape history approach to the study of open sites is now being advocated by 
the NSW Government office responsible for regulating Aboriginal heritage 
management (DECCW 2010); although the reasons for adopting this approach and 
methods to achieve it are not described. Many projects on the Cumberland Plain 
have included geomorphological studies (e.g. Barham 2007; Humphreys 2006; 
Mitchell 2005a, 2005b, 2006a, 2006b, 2010d). 
1.3.3  Change in stone artefact technology 
Some studies have investigated the nature of stone artefact technology and/or raw 
material types in dated assemblages and used technological indicators to provide a 
relative temporal frame for otherwise undated open artefact sites. Ross (1981) 
argued that most open sites with backed and other small artefacts in the Victorian 
Mallee were relatively recent. In contrast, she argued that sites at Raak Plains were 
older, with larger artefacts and different artefact types discarded when the Raak 
Plains contained potable water during the Early Holocene (Ross 1981). In South 
Australia, it has been argued that large Kartan artefacts occur on Kangaroo Island 
and on the adjacent mainland, indicating that artefacts predated sea level rise 
which separated Kangaroo Island from the mainland; more recent artefact types 
post-dating sea level rise were not thought to occur on the island (Lampert 1981; 
Draper 1987). On the Swan Coastal Plain a combination of raw material types and 
artefact types have been used to place open sites in a four-phase chronological 
framework (Hallam 1972; Schwede 2011). 
In the Hunter Valley, Hiscock (1986) analysed stone flakes from a rock shelter and 
identified change over time in flaking technology. Flake assemblages from 
P a g e  | 8 
 
 
otherwise undated open sites were then compared to the rock shelter assemblages 
and were assigned to temporal phases. The method was subsequently refined by 
Baker (1992) who conducted multivariate analysis of additional open site and rock 
shelter flake assemblages.  
It has been suggested that this approach – using the characteristics of dated 
assemblages to assign otherwise undated assemblages to temporal phases – should 
first take raw material availability and properties into account (Hiscock 1988c).  
1.3.4  Distance-decay 
It is known that the nature of stone raw materials and distance from stone sources 
were major factors influencing the nature of artefact assemblages on Australian 
open sites (e.g. Byrne 1980; Campbell and Edwards 1966; Hiscock 1988a; Kenyon et 
al. 1924; McNiven 1993; Robins 1997; White 1999:5-8), including two studies on the 
Cumberland Plain (Barry 2005; JMcD CHM 2006a). Distance-decay studies are 
discussed in more detail in this thesis (section 8.2). 
1.3.5  Cultural ecology 
Artefact assemblages have been analysed in relation to water and/or food 
resources, based generally in the field of cultural ecology. Veth (1993) developed a 
seasonal desert settlement-subsistence model, and demonstrated that artefact 
assemblages tended to vary with water supply. Veth argued that this approach was 
appropriate because occupation evidence dated only within the last 5,000 years and 
artefact assemblages from stratified sites showed technological continuities within 
this period (Veth 1993:80). In the Simpson Desert, Barton (2003, 2008) argued that 
artefact assemblages varied with water supply and/or types of resource patches. In 
south-west Queensland, Robins (1997) found that artefact distribution was partly 
related to supplies of permanent water. In the Palmer River region of Central 
Australia, highest artefact densities were associated with the most productive 
landscapes rather than the most substantial water supplies (Thorley 1998). In the 
Pilbara, the nature of artefact assemblages varied in relation to the nature of water 
supplies, food and other resources (Ryan and Morse 2009). In northern Australia 
Clarkson (2006) modelled human mobility, provisioning strategies, and the nature 
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of assemblages in different land systems. He argued that land systems with richer 
and/or diverse foods and permanent water were occupied more intensively than 
land systems poorer in resources. It has also been argued that differences in the 
distribution of tool types between sites was linked to differences in site use and 
season of occupation (Brockwell 1989); although regional change and differential 
exposure of artefacts could also have contributed to inter-site variation (Hiscock 
1999, 2009).  
Computer modelling of assemblage attributes also identifies mobility coupled with 
provisioning as important factors which may have influenced the nature of artefact 
assemblages (Barton and Riel-Salvatore 2014; see also Mackay 2005).  
1.3.6  Knapping and discard activities 
Other studies of open sites focus on conjoining and analysis of artefacts from 
individual knapping and discard activities, providing insights into the way stone 
technology was organised at the small scale (e.g. Hiscock 2007b, 1988b, 1989; 
Neyland 2016; Way 2018; White 2012). Many overseas studies have also taken this 
approach (e.g. Knell 2012; Larson and Ingbar 1992; Larson and Kornfeld 1997; Miller 
2016; Scerri et al. 2016; Vaquero 2011, Vaquero et al. 2012). Important differences 
have been identified in the way raw material use (e.g. Vaquero et al. 2012) and 
backed artefact production was organised compared to other flaking and discard 
activities (White 2012).  
At Lake Mungo, the nature of the sediments in which artefacts from individual 
activities occur provides information on the lake conditions under which the 
individual activities were conducted – whether the lake was full or whether lake 
levels fluctuated (Stern et al. 2013; Stern 2015; Tumney 2011). Artefact 
assemblages from individual activities vary in raw materials and technology, and 
have been interpreted in terms of differing human actions and mobility, conducted 
during different lake conditions (Stern et al. 2013; Stern 2015; Tumney 2011). 
Open sites at Pine Point and Langwell in Western NSW include artefacts derived 
from many separate flaking activities, from multiple stages of core reduction, tool 
manufacture and discard (Shiner 2009). Age determinations from heat-retainer 
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hearths indicate multiple episodes of occupation over a total time span of c.2,000 
years. It was argued that artefacts were produced during differing behavioural 
contexts, so that synchronic interpretations of site function within a single land use 
model were not appropriate for the artefact assemblages (Shiner 2009; also 
Holdaway and Fanning 2008, 2014:13-17). This observation appears contrary to 
larger-scale patterns in relation to landscape variables identified by the cultural 
ecology and distance-decay studies noted above.  
The apparent contradiction identified by Shiner (2009) relates to time-averaging 
and its role in the identification of patterns which emerge at different scales of 
analysis. Small scale variation between individual activities may be present, but that 
variation may be averaged for each site, enabling larger-scale patterns between 
sites to emerge.  
1.4 Previous studies on the Cumberland Plain, western Sydney  
The Cumberland Plain of western Sydney is an open undulating to hilly landscape 
(Figure 1, Plate 1). This region is described below (chapter 4.0). Many archaeological 
studies have been conducted on the Cumberland Plain, largely as consultancies 
related to development impact assessment and mitigation projects. In the 1980s 
extensive surface surveys were carried out (e.g. Kohen 1986; Smith 1989a, 1989b) 
and most surface sites were found to be small; Kohen (1986:230) considered a site 
with more than 50 surface artefacts to be ‘major’. A few small test excavations were 
aslo conducted (e.g. Haglund 1983; Smith 1986). Doctoral research on the region’s 
archaeology was conducted (Fletcher-Jones 1985; Kohen 1986), and honours 
projects have been completed more recently (Barry 2005; Goward 2011).  
 
Plate 1  Ropes Creek, Oakdale, 2013. Camera facing west.  
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Figure 1  The Cumberland Plain. 
Geological information from Fergusson et al. 2011, Branagan 1985:7,22; Stroud et al. 1985. Language 
groups from McDonald and Harper 2016; Attenbrow 2009, 2010a:23.Base image Shuttle Radar 
Topography Mission (SRTM) from the website of Dr Mike Sandiford, University of Melbourne, 
downloaded 11 Dec 2014 from http://jaeger.earthsci.unimelb.edu.au/Images/Landform/landform. 
html, reproduced with permission. 
In 1993 a major test excavation programme in the Rouse Hill Development Area 
(north-east Cumberland Plain) demonstrated that the density and nature of open 
sites in this region cannot be described by ground surface survey (McDonald and 
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Rich 1993b; McDonald et al. 1994). Archaeological excavation is necessary to find 
and characterise artefact assemblages. This casts doubt on the findings of earlier 
archaeological studies which were based largely on surface survey or very limited 
excavation. Many archaeological excavations have since been conducted in the 
region, recovering thousands of artefacts (e.g. review in McDonald 2008:34-35). 
On the Cumberland Plain the oldest known artefact assemblages occur in 
regionally-uncommon sand bodies and alluvium associated with the Hawkesbury 
and Parramatta Rivers. They indicate human occupation for c.30,000 years or more. 
Sites include Parramatta RTA-G1 (Figure 2), Pitt Town PT12, Windsor Museum site, 
and the Cranebrook Formation CT11 if the association of artefacts and age 
determination is accepted (Figure 3; Austral Archaeology 2011; JMcD CHM 2005c; 
Nanson et al. 1987; Stockton and Nanson 2004; Williams et al. 2012, 2014). 
Regentville site RS1 may also include older artefacts (Figure 3, Koettig and Hughes 
1995) as may site RM1 (JMcD CHM 1997a; White 2017).  
Prior to this study it was commonly thought that the majority of silcrete artefacts in 
the region are mid to late Holocene in age (e.g. Attenbrow 2010a:153-154; Doelman 
et al. 2015:497; ENSR/AECOM 2009:12; Kohen 1986:317; McDonald 2008:36-39; 
Williams et al. 2014:735). The idea that most silcrete artefacts on the Cumberland 
Plain are a few thousand years old at most has been promoted by the presence of 
numerous backed artefacts at sites (assemblages are Bondaian in character), and by 
a prevalent geomorphic model of soil formation and artefact burial that assumes 
older artefacts have not survived (e.g. Hughes et al 2014; Mitchell 2005a, 2005b, 
2006a, 2006b, 2010d). It was thought that open sites with artefacts buried in 
shallow soils (<50cm deep) would contain little chronological information.  
The perceived paucity of chronological information led archaeologists to excavate 
many sites in bulk (A horizon sediments removed as a single unit without spit 
excavations) and to focus on spatial and landscape models to account for variation 
between artefact densities and the nature of artefact assemblages. 
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Figure 2  Location of sites analysed in this study. 
AHD – Above Height Datum, nominally sea level. Traced and compiled from the following 1:25,000 
scale topographic map sheets, which show 10m contour intervals: Camden, Campbelltown, 
Kurrajong, Liverpool, Penrith, Prospect, Riverstone, Springwood, Warragamba, Wilberforce. 
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Figure 3  Location of other sites in the study area referred to in the text. 
 
A distance-decay model has described how artefact assemblages vary with 
increasing distance from Plumpton Ridge silcrete quarry (Barry 2005; JMcD CHM 
2006a). Also notable is a stream order – distance from stone sources model which 
predicted higher artefact densities and more complex artefact distributions in 
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association with large streams (McDonald 1996; also JMcD CHM 2008a). Landform 
has been added to that model (White and McDonald 2010). 
Economic resources models argue that occupation would be focussed at places with 
access to rich and/or diverse resources (Kohen 1986; Smith 1989a, 1989b) and with 
landscape texture provided by variation in vegetation, elevation and landforms 
(ERM 2006; GML Heritage 2015, 2016). However, the inter-related nature of 
landscape variables (section 4.4) may make it difficult to test such models. 
Distance-decay and resources models have been presented with limited reference 
to the phases of time during which artefacts accumulated. They have not 
considered whether cultural or climate change may have affected artefact 
distributions, and included only limited consideration of the possible effects which 
geomorphic processes may have had. These are important omissions which are 
considered in this thesis.  
Baker (2000) developed an activity overprint model which envisaged larger numbers 
of artefact discard activities in proximity to residential foci, such as a large stream. 
This model predicted intra-site artefact distribution, relevant to the formation of 
spatial and cumulative palimpsests in the region (see below section 2.4). 
1.5 Aboriginal community consultation 
Consultation with Aboriginal communities on the Cumberland Plain occurred during 
the course of the various consulting projects, and was also conducted during this 
study (Table 1). 
At the commencement of the study, 11 community groups were identified and 
letters describing the intended research were sent to each of these. Comments and 
discussion were invited. Three groups replied by telephone, being Darug Aboriginal 
Cultural Heritage Assessments, Darug Tribal Aboriginal Corporation and Peter Falk 
Consultancy. Of these, Peter Falk (24 April 2014) asked that grid coordinates for site 
locations should not be included in any documents. I have complied with this 
request, and presented site locations as large symbols on maps rather than showing 
detailed site locations. 
P a g e  | 16 
 
 
Table 1  Summary log of Aboriginal community consultation for this study. 
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Cubbitch Barta 
Native Title 
Claimants 
Aboriginal 
Corporation 
Glenda 
Chalker 
3-04-
2014 
- 
30-
01-
2017 
post - 
31-
03-
2017 
post - 
Deerubbin Local 
Aboriginal Land 
Council 
Kevin 
Cavanagh; 
Steve 
Randall 
3-04-
2014 
- 
30-
01-
2017 
email - 
31-
03-
2017 
email 
Steve 
Rand
all 
Darug Custodians 
Aboriginal 
Corporation 
Leanne 
Watson 
3-04-
2014 
- 
30-
01-
2017 
email - 
31-
03-
2017 
email - 
Darug Aboriginal 
Cultural Heritage 
Assessments 
Gordon 
Morton 
3-04-
2014 
14-5-
2014 
rang 
30-
01-
2017 
post - 
31-
03-
2017 
post - 
Darug Aboriginal 
Land Care Inc 
Des Dyer 
3-04-
2014 
- 
30-
01-
2017 
email 
31-
01-
2017 
31-
03-
2017 
email - 
Darug Land 
Observations 
Gordon 
Workman 
3-04-
2014 
- 
30-
01-
2017 
email - 
31-
03-
2017 
email - 
Darug Tribal 
Aboriginal 
Corporation 
John Reilly 
3-04-
2014 
2-5-
2014 
rang 
30-
01-
2017 
email - 
31-
03-
2017 
email - 
Gandangara Local 
Aboriginal Land 
Council 
Brad 
Maybury 
(was Mark 
Johnson at 
1st 
contact) 
3-04-
2014 
- 
30-
01-
2017; 
31-1-
2017 
email 
20-
02-
2017  
discu
ssed 
proje
ct  
31-
03-
2017 
email - 
Gunjeewong 
Cultural Heritage 
Aboriginal 
Corporation 
Cherie 
Carroll 
Turrise 
3-04-
2014 
- 
30-
01-
2017 
post - 
31-
03-
2017 
post - 
Peter Falk 
Consultancy 
Peter Falk 
3-04-
2014 
24-4-
2014 
rang 
30-
01-
2017 
post - 
31-
03-
2017 
post - 
Tocomwall Pty Ltd 
Scott 
Franks 
3-04-
2014 
- 
30-
01-
2017 
email - 
31-
03-
2017 
email - 
A summary report on the initial results of the research was sent to each of the 
community groups on 30 January 2017, and comments invited. Replies were 
received from Darug Aboriginal Land Care Inc. and Gandangara Local Aboriginal 
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Land Council; the latter followed with a telephone conversation about the project 
and its results. 
Invitations to all groups to attend a seminar (held 10 April 2017) on the project at 
the University of Sydney were sent on 31 March 2017. This was attended by a 
representative of Deerubbin Local Aboriginal Land Council. I have also approached 
the Office of Environment and Heritage (OEH) and hope to give a presentation to 
community groups at a more local venue (awaiting reply from OEH). On completion, 
a copy of this thesis will be provided to each group. Consultation will also be carried 
out in relation to any publications arising from this research. 
 
1.6 Important definitions 
A glossary of terms used in this study is given in Appendix 17. However, there are a 
few terms which have particular meanings which are fundamental to this research.  
Artefact. A stone object with a flaked, ground or pitted surface attributable to an 
action by people. Artefacts do not include heat shatters or manuports which may 
have been transported but do not have flaked, ground or pitted surfaces.  
Artefact accumulation. The addition of artefacts to a site, and their loss from a site, 
due to human activities and geomorphic processes (cf. Clarkson 2008). The concept 
recognises that artefacts accumulate through the actions of people but that post-
discard processes have probably also affected those accumulations and that some 
artefacts may have been removed by erosion or by the actions of people (e.g. 
recycling previously discarded stone artefacts as raw material supplies). 
Assemblage. Any collection of artefact data pooled for analysis. There is no 
assumption that an assemblage consists only of data from artefacts which were 
spatially, temporally or functionally related in a specific archaeological context (cf. 
Bar-Yosef and van Peer 2009; Dibble et al. 2016; Odell 2003:87; Shott 2010). An 
assemblage may be the data from artefacts of one raw material type from a spatial 
or temporal unit, or from many pooled spatial and/or temporal units. It may be data 
for all artefacts of a particular type, such as cores or flakes. Assemblage is simply a 
collective term for data under analysis.  
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Late Holocene, Early Holocene and Late Pleistocene. The dating of these phases 
follows that of Petherick et al. (2013). The Late Pleistocene occurs prior to c.12,000 
calBP, the Early Holocene dates from c.12,000 to c.6,000 calBP and the Late 
Holocene dates from c.6,000 calBP to the present.  
Site. A site is an area of land with artefacts, covering several thousand square 
metres or more. There is no assumption that a site is a behavioural construct, or 
bounded in any way by human actions or beliefs (cf. Dunnell 1992), by patterns or 
changes in artefact density, or by geomorphic processes (cf. Robins 1997).  
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2.0 Palimpsests, time-averaging and sample sizes 
2.1 Introduction  
This chapter provides a brief model for the discard of stone artefacts and their 
accumulation on open sites (section 2.2) and an overview of the nature of artefact 
distributions on open sites on the Cumberland Plain (section 2.3). Different types of 
palimpsests are present (cf. Bailey 2007) and their analysis involves time-averaging 
(section 2.4). The nature of palimpsests and time-averaging have implications for 
the methods used to excavate open sites (section 2.5), for artefact sample sizes 
which can characterise sites (section 2.6) and for statistical analysis (section 2.7). 
2.2 A model of artefact discard and accumulation on open sites  
Written reports and images from the early historic period, and ethno-archaeological 
observations of Aboriginal camps and resource procurement activities provide a 
general model for the discard of stone artefacts on open sites. 
It is thought that people lived in extended groups, consisting of family units, single 
people and visitors (e.g. bands, Peterson and Long 1986; cf. Binford 2006). Each 
family group or certain individuals occupied individual households (huts with 
associated domestic areas). The composition of individual households may have 
varied but generally included hearths, sleeping areas, huts, windbreaks and activity 
areas (e.g. Attenbrow 2010a Plate 21; Brayshaw 1986:43-45; Gargett and Hayden 
1991:16; McBryde 1978:244; Nicholson and Cane 1991; Peterson and Long 
1986:88). In the Greater Sydney Region early European explorers encountered 
occasional encampments consisting of several huts (households), usually fewer than 
12 (Attenbrow 2010a:54-55). Individual households were scattered across an 
encampment, often in spatially discrete locations (e.g. Brayshaw 1986:44-45; GML 
Heritage 2016:27-31; McBryde 1978:244; Memmott 2007; Nicholson and Cane 
1991). Depending on the number of groups making up the encampment it could 
cover many thousands of square metres. The spatially discrete nature of individual 
households on sites means that artefacts from contemporary activities could 
variously be located close to each other or occur in discrete locatons across a site.  
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The length of time during which any one extended group (band) occupied a camp 
may have varied, from one or a few nights to several weeks (e.g. Binford 2006; 
Dawson 1830; Gunson 1974; Meehan 1982; Peterson and Long 1986). With 
repeated visits over centuries to millennia, individual households may have been 
established in different locations, so eventually artefacts may have become 
scattered over very wide areas (Baker 2000; Ebert 1992; Foley 1981) forming spatial 
palimpsests (Bailey 2007). Artefacts of the same age may now occur in different 
locations on a site and artefacts of different ages may now be located in spatial 
proximity or even overlie older artefacts forming cumulative palimpsests (Bailey 
2007). Artefacts may also have been discarded during gathering/hunting and 
resource extraction activities conducted away from residential camps (e.g. wood-
getting, Hayden 1979). Baker (2000) argued that higher artefact densities and 
artefacts from overlapping activities would eventually occur around landscape foci 
(such as streams, sandstone for axe grinding). With increasing distance from the 
landscape foci artefact densities would decrease and the locations of individual 
activities would be increasingly separated by areas with no or few artefacts. 
Artefacts on open sites may have been affected by human activities, burning and 
geomorphic processes after discard; the latter are considered below (chapters 4.0 
and 5.0). 
2.3 Artefact distribution on open sites on the Cumberland Plain 
The most extensive open area excavation on the Cumberland Plain was conducted 
at site RH/SP12South on a terrace adjacent to Second Ponds Creek, The Ponds. The 
site and its chronology are discussed below (section 4.5.5.3). Dispersed test pits and 
two open areas were excavated, of which the larger covered 241m2 (Figure 4). More 
than 15,000 silcrete artefacts were recovered (JMcD CHM 2005b). Silcrete artefacts 
occurred as high and moderate density concentrations separated by low density 
scatters. This kind of distribution may have resulted from high and low density 
discard activities conducted in different locations at different times within the last 
c.4,000 years. High density knapping concentrations are analysed below as a 
specific kind of activity assemblage (chapter 10.0). 
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Not all sites show this kind of distribution (Figure 5, Figure 6); that is, the nature of 
spatial palimpsests sometimes differ. Differing spatial distributions could potentially 
have resulted from different kinds of flaking and discard activities, different 
histories of occupation (e.g. artefacts abandoned in their place of use, or moved 
during site cleaning), the effects of differing geomorphic processes after artefacts 
were discarded, or differing impacts from modern land use. 
 
Figure 4  Distribution of silcrete artefacts on RH/SP12South. 
Figure modified, from JMcD CHM 2005b, with permission. Numbers in excavated squares give counts 
of flaked silcrete artefacts. Darker shading indicates squares with higher artefact counts. Coloured 
outlines indicate knapping concentrations which meet criteria for inclusion in the current study. 
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Figure 5  Distribution of 
silcrete artefacts on 
RH/CC2. 
Figure modified, from 
JMcD CHM 2005a, with 
permission. 
 
 
Figure 6  Distribution of 
silcrete artefacts on 
ADI/WP1/1. 
 
2.4 Palimpsests and time-averaging on the Cumberland Plain 
2.4.1  Palimpsests on the Cumberland Plain 
Bailey (2007) discussed the nature of palimpsests generally. Palimpsests may 
variously include the total removal of all artefacts except for the most recent, the 
accumulation and partial loss of artefacts so that those which survive are an 
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incomplete record of the activities which were carried out, or that temporal 
associations between artefacts have been lost (Bailey 2007:203). Five types of 
palimpsests were defined by Bailey.  
True palimpsests are those for which all (or most) traces of earlier activity have 
been removed except for the most recent (Bailey 2007:203). As defined by Bailey, 
true palimpsests may not exist on the Cumberland Plain. However, modified true 
palimpsests are probably present. Older artefacts may have been removed from 
some sites by erosion, leaving predominantly Late Holocene artefacts as evidence of 
the most recent phase of activity (cf. Hughes et al. 2014). There may also have been 
increased erosion at different times which may have selectively removed artefacts 
from some phases (section 4.6). Several sites in the current study may be modified 
true palimpsests, including sites Col/SA20, PH2+3, RH/KVSTC1, RH/SP13G and 
RH/SP22. These sites have Bondaian silcrete assemblages and artefact assemblages 
which lack evidence of change over time (section 5.3.1). 
Spatial palimpsests are those at which activities were conducted in different 
locations across a site (as on RH/SP12South, Figure 4) but even if each episode 
remains definable, it is not possible to know how each one relates in time (Bailey 
2007:205-206). On the Cumberland Plain, all open sites are spatial palimpsests, with 
their varying spatial distributions.  
Cumulative palimpsests are those at which artefacts from more recent activities 
were deposited on top of older artefacts but the artefacts are now mixed together 
so that it is difficult to separate them into their original parts (Bailey 2007:204). On 
the Cumberland Plain, sites which show variation in raw material proportions with 
depth indicate vertical accumulations of artefacts discarded at different times 
(chapter 5.0). However, most of these sites are probably not chronologically 
layered, because bioturbation will have mixed artefacts vertically. These sites 
include ADI/CP1, ADI/CP3, ADI/CP4, EH/2, EL12 and parts of Aus1, Col/SA21, RH/SP9 
and RH/SP13H. These sites are discussed below (section 5.2). 
On the Cumberland Plain, a few sites have roughly stratified artefact distributions 
which do not fall neatly into these three categories of palimpsest as defined by 
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Bailey (2007). At Pitt Town site 12 (Williams et al. 2012, 2014), Parramatta site RTA-
G1 (JMcD CHM 2005c), and Rouse Hill sites RH/CC2 and RH/CD7/Bridge precinct, 
artefacts have accumulated vertically over long spans of time. These sites retain 
some vertical integrity such that most of the deeper artefacts are older than most 
of the upper artefacts although with some intermediate mixing (i.e. the sites are 
‘roughly stratified’). But the time spans involved probably cover many thousands of 
years. At shorter time spans, artefacts of different ages are probably mixed 
together, forming upper, middle and lower cumulative palimpsests. 
Bailey also defines two other types of palimpsests – temporal palimpsests and 
palimpsests of meaning (Bailey 2007:207-208). These types of palimpsests are not 
useful for the current study and are not discussed here. 
Spatial, cumulative and modified true palimpsests are the most useful concepts for 
the current research. The presence of these palimpsests on the Cumberland Plain 
has important theoretical and methodological implications. Where sites are spatial 
palimpsests, artefacts from many flaking and discard activities need to be recovered 
to sample the range of variation in activities which were conducted across a site. 
Where sites are cumulative palimpsests, excavation should be conducted in spits to 
assess whether any remnant evidence for change over time is present (e.g. variation 
in the proportions of raw materials or artefact types with depth). Spit excavations 
are also needed to distinguish cumulative palimpsests from modified true 
palimpsests. Defining the limits and types of palimpsests may help clarify the time 
spans involved in artefact accumulations (Bailey 2007:209-210), individual site 
histories (cf. Shiner 2008, 2009) and how these matters contribute to inter-site 
variation. 
2.4.2  Time-averaging on open artefact sites 
Time-averaging is a term borrowed from palaeontology (Stern 1994, 2008; e.g. 
Kidwell 1998). It recognises that fossils now found in the same sedimentary unit 
may derive from organisms which lived at different times and/or under different 
conditions. Even though the fossils are now found together, the living organisms 
may never have been part of the same living ecosystem (Allen and Holdaway 2009; 
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Lyman 2003; Stern 1994, 2008). Similarly, artefacts on open sites may derive from 
many individual flaking activities (Neyland 2016; Shiner 2009; Stern et al. 2013; 
Stern 2015; Tumney 2011; Way 2018; White 2012) but those activities may have 
been conducted at different times and under different conditions (e.g. differing 
mobility, seasonal or climatic conditions, differing social contexts) and differently 
affected by geomorphic or other processes after discard (e.g. al-Nahar and 
Olszewski 2016; Bailey 2007; Holdaway and Wandsnider 2006; Stern 1994, 2008).  
Time-averaging is the combination of artefacts in an assemblage, regardless of 
intra-site variation between activities and post-discard effects. Time-averaging may 
obscure small-scale variation (Lyman 2003) but this may be advantageous for some 
research. A time-averaged assemblage provides an overall value for all recorded 
artefacts, such as the overall frequency of cortical artefacts in a site sample, 
regardless of whether or not artefacts from individual activities retain cortex.  
Patterns at the inter-site scale of analysis come about because time-averaged 
assemblages from different landscape settings may have high or low overall values. 
Time-averaging allows different patterns or processes, which operate over different 
spans of time, to emerge despite small-scale variation (Bailey 2007; Fletcher 1992; 
Holdaway and Wandsnider 2008; Stern 2008, 2015). This issue has received limited 
attention in Australian artefact studies (Allen and Holdaway 2009).  
2.4.3  The spatial palimpsest and time-averaging on RH/SP12South 
RH/SP12South was noted above (section 2.3). The large artefact sample provides an 
opportunity to demonstrate how spatial variation can contribute to a time-averaged 
‘signature’ for a site as a whole. On this site 17 test squares have more than 25 
silcrete artefacts each. The proportions of silcrete artefacts with cortex vary 
between these test squares, perhaps as a result of random chance and perhaps 
because silcrete with varying cortical cover was taken to the site and discarded 
during different flaking activites. The analysis here plots the proportion of cortical 
silcrete artefacts in each test square, and as the artefact data is added to an 
accumulating site sample (Table 2, Figure 7). Variation between individual test squares 
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is present, but as the artefact sample increases it averages the variation between 
individual test squares to approach the proportion for the overall site sample.  
 
Table 2  Cortical silcrete artefacts in test squares with more than 25 silcrete artefacts at 
RH/SP12South. 
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Figure 7  %Cortical silcrete artefacts in test squares and accumulating sample at RH/SP12South.  
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cortical artefacts in the accumulating total varies between 3.0% and 3.9% when the 
accumulating sample consists of more than 300 artefacts. 
2.5 Excavation and artefact recovery at open sites in the current study 
2.5.1  Background 
The open sites in the current study were excavated during consultancies to mitigate 
the impact of new developments which would destroy the sites. The sites were 
excavated under the direction of various archaeologists and Aboriginal 
representatives, primarily by Dr Jo McDonald (then director of JMcD CHM), and also 
GML Heritage, Australian Museum Consulting and Stephanie Garling Archaeological 
Consulting. My role in these consultancies was to record and report on the lithic 
assemblages. These analyses provide the basic data for the study carried out in this 
thesis. During the course of this research I re-recorded artefacts from one site 
(ADI/CP3) which had been recorded by another archaeologist, and I conducted 
conjoining at one site (EL/3D) to address the association of artefacts with age 
determinations (section 6.4.4). I did not record assemblages from any of the rock 
shelter or other open sites which provide contextual information, due to time 
constraints (Appendix 1). Apart from the contextual assemblages, artefact data 
generated by other recorders were not used in this study. This was to exclude 
potential variation arising between different analysts using different recording 
schemes or identifying artefact traits in different ways (e.g. Gnaden and Holdaway 
2000; Mackay 2006; Witter 1990:270). 
2.5.2  Site excavations 
In this study, an open site is an area of land with artefacts. Sites vary in extent but 
cover many thousands of square metres (Appendix 3). They are bounded arbitrarily 
by modern land use, management or logistic considerations, such as roads, extent 
of development impact, or practical limits on the extent of land that could be tested 
given project constraints. Sites as reported by original archaeological reports are 
here combined if they are in spatial proximity, if combining them provides 
sufficiently large numbers of artefacts for analysis and ensures they provide 
multiple spatial artefact samples. 
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Sites targeted for excavation by consulting projects are those which would be 
destroyed by new development and tended to be those in moderate to good 
physical condition, deemed worthy of the costs of excavation. Hence sites which 
had been highly disturbed by modern land use were not usually excavated. 
Most of the excavations followed a similar procedure (e.g. JMcD CHM 2004b, 
2005b, 2006a, 2006b, 2006c, 2007a, 2008b, 2009a, 2009b, 2010b, 2011; GML+JMcD 
CHM 2012b, 2014a). Test pits measuring 1mx1m were excavated on a regular grid, 
with pits usually spaced 15m to 20m apart (e.g. Figure 8). Projects conducted after 
2010 tended to excavate test pits measuring 50x50cm, in keeping with a legal Code 
of Practice (DECCW 2010; e.g. GML Heritage 2012, 2013a, 2013b, 2016; GML+JMcD 
CHM 2013b, 2014b, in prep.). The change in test pit size should not affect the 
analyses conducted in this study because test pit data were not analysed separately 
and large sample sizes should average any bias (section 2.6). Test pits with higher 
artefact counts were usually targeted for area excavation, sometimes recovering 
high density knapping concentrations (e.g. Figure 4). More than 100m2 of excavation 
was conducted on many sites. Knapping concentrations (defined in section 10.2) 
were identified at about half the sites.  
 
Figure 8  Test pit layout and lithic counts, CRA3-6. 
From JMcD CHM 2009b, reproduced with permission.  
These field methods have implications for the current analysis. Artefacts recovered 
from dispersed testing provide spatial samples from each site which would have 
intercepted artefacts from different flaking and discard activities. But most test 
excavations did not produce large enough numbers of artefacts for analysis 
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(RH/SP12South is an exception). Open area excavations produced larger numbers of 
artefacts but were often biased towards locations with higher artefact densities, 
especially knapping concentrations. A set of criteria were used in this study to 
ensure that the artefacts recovered from each site would sample spatial 
palimpsests and be methodologically comparable. The criteria are: 
 More than 50m2 of excavation to capture artefacts from multiple activities – 
ethnographic studies indicate that artefacts from single activities tended to be 
discarded over smaller areas than this (e.g. Hayden 1979; Hiscock 2005; 
Nicholson and Cane 1991). Most sites in the current study have more than 
100m2 of excavation; 
 To ensure that the site sample is not dominated by artefacts from a single 
activity, knapping concentrations must make up fewer than half the total 
artefacts, unless two (2) or more concentrations are present; and 
 The sample includes more than 300 silcrete artefacts (discussed in section 2.6). 
Sites which fail to meet these criteria are shaded blue in Appendix 3. These sites are 
excluded from analysis involving site samples, but some have knapping 
concentrations which are included in separate analysis (chapter 10.0). 
As noted above, most open sites were excavated in bulk with A horizon soils 
removed as a single unit. However, at some sites excavations were undertaken 
using spit divisions, enabling an assessment of the vertical distributions of raw 
material types. Sites with very limited spit excavations are also shaded in Appendix 3. 
The minimum mesh size used for sieving is another issue of concern. Most projects 
used 3mm or 3.5mm as the smallest mesh size, but some projects used 2.5mm or 
smaller mesh. As small minimum mesh recovers larger numbers of tiny artefacts, 
the use of different mesh size could affect assemblage proportions. This is dealt 
with in Appendix 4 in two ways. Firstly, data for all artefacts 5mm or less in size are 
excluded from analysis, because this is the most vulnerable size category. Secondly, 
all artefact variables are analysed in relation to minimum mesh size. The 
proportions of broken artefacts, artefacts more than 30mm in maximum size and 
complete artefacts more than 30mm in maximum size give statistically significant 
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associations with minimum mesh size (Table A178). Further analysis of these artefact 
variables is restricted to assemblages recovered using 3mm or 3.5mm minimum 
mesh. 
2.5.3  Knapping concentrations 
Some of the area excavations recovered high density knapping concentrations (e.g. 
Figure 4). These concentrations include large numbers of artefacts from focussed 
knapping and provide assemblages which probably formed over very short time 
spans (minutes to hours). Knapping concentrations are sufficiently common to 
include them in the current research, but as a sub-set of data separate from site 
samples which consist of artefacts from many potential diverse flaking and discard 
activities. Knapping concentrations are defined below (chapter 10.0).  
Knapping concentrations were distinguished from other excavated artefacts by 
preparing spatial plots and delineating the edges based on rapidly declining artefact 
counts (see section 10.2). During the original consulting projects each square at 
each site had been given a name (usually 3 digit eastings and northings). However, 
the square names for one site were sometimes the same as square names for other 
sites. For the current study each square was given a unique name, being the site 
code followed by the original square name. This task was carried out by Mr Brad 
Patterson (specialist in Microsoft Access and helpful neighbour) who wrote a 
computer code which linked the site name and square names and performed more 
than 200,000 entries in about 10 minutes! The accuracy of the unique square names 
were then checked, by running a series of query counts and checking spatial plots. 
Corrections were made as necessary. The unique square name in the artefact 
database allowed the artefacts from any one square to be isolated for analysis. This 
was critical to isolating artefact data for each of the knapping concentrations. 
2.6 Sample sizes for proportions  
2.6.1  Introduction 
The total numbers of artefacts and MNI (minimum number of individuals, section 
3.2.11) recovered from each site varied, so analysis needed to take the total 
numbers of artefacts and MNI in each sample into account (e.g. Hiscock 2001; Shott 
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2010, papers in Leonard and Jones 1989). This was done here by calculating each 
artefact variable as a proportion of the sample (see section 3.2.1). But what sample 
sizes were needed to be confident that the proportion in a sample might be 
indicative of the proportion in a site as a whole and not be unduly affected by 
random chance?  
Formulae are available to calculate the sample sizes needed for a proportion for a 
given level of reliability (e.g. Drennan 2009:139-143; Fletcher and Lock 2005:76-78). 
However, decisions have to be made about the best formula to use, an acceptable 
confidence level and acceptable margins of error. This section describes how I 
resolved these issues. 
2.6.2  Confidence intervals for proportions 
2.6.2.1. Random variation in samples 
The proportion of an artefact type in a sample may differ from the proportion of the 
same type in the site from which the sample was excavated. Mathematicians have 
dealt with these issues and devised various formula to account for variation (e.g. 
Agresti 2007, 2010, 2013; Drennan 2009; Powers and Xie 2000). However, to help 
archaeologists understand these issues I ran a series of simulations in Microsoft 
Excel for proportions of 1.7%, 9.9%, 30.3% and 51.6%, plotted against sample size 
(Figure 9). During this task I ran the random number generator in Excel several times 
between each simulation to guard against any intrinsic pattern embedded within 
the random number generator (e.g. https://support.microsoft.com/en-
au/help/828795/description-of-the-rand-function-in-excel). 
The simulation calculated and plotted the proportion of an artefact category, if that 
category was randomly encountered as each additional artefact was added to the 
sample (Figure 9). Ten simulations were run here for each proportion. Variation 
between simulations is wider on the left side of the graph where sample sizes are 
small, than on the right side of the graph where sample sizes are larger. Also, the 
range of variation is less for the smallest population proportion (1.7%) and wider for 
the mid-range proportion (51.6%). These observations are consistent with 
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mathematical distributions for randomly generated proportions (Agresti 2007:4-10; 
Drennan 2009:142).  
 
Figure 9  Simulated proportions for artefact samples in populations. 
Variation between randomly generated proportions for a sample can be captured 
by calculating confidence intervals. These give an indication of the likely range 
within which the proportion of a population might fall (Drennan 2009:140-142; 
Fletcher and Lock 2005:76). Confidence intervals are attached to the population 
proportions on Figure 9 as smooth solid lines. The confidence intervals are calculated 
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by multiplying the standard error by the appropriate value on a t-table, using d.f. of 
n–1 (Drennan 2009:140; Field 2013:58).  
An appropriate sample size will depend on: 
1. Whether the proportion of the type in the site is low or mid-range, and  
2. How accurately the estimate for the sample needs to approach (match) the 
proportion in the site; i.e. how narrow the confidence interval should be. 
2.6.2.2. Which formula for the standard error? 
Calculation of confidence intervals includes calculation of the standard error. For a 
normal distribution about 68% of scores (e.g. artefacts) fall within that interval 
(Clegg 1990:34). Several methods for calculating standard errors have been 
proposed (e.g. Wallis 2013; Weiner et al. 2013). The most common is the Wald 
equation (Figure 10, Agresti 2007:8; Drennan 2009:139-141; Wallis 2013) but this 
formula does not provide a standard error for samples with zero proportions. This 
problem can be addressed by using the Agresti–Coull adjustment. This method 
simply adds 2 to the number of artefacts of the type of interest, 2 to the number of 
artefacts of the type not of interest, and 4 to the sample size n. The calculation then 
proceeds with the Wald equation using the revised proportion to calculate a revised 
standard error (Figure 10, Agresti 2007:10). Other methods have also been proposed 
and debated but the Agresti–Coull adjustment is apparently a preferred solution 
(Wallis 2013; Weiner et al. 2013) and was used in this study. Following Drennan 
(2009:246) the standard error can easily be calculated in a software programme; 
Microsoft Excel was used in the current study. 
 
 
Figure 10  Wald formula 
for the standard error, 
with the Agresti-Coull 
adjustment. 
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2.6.2.3. What confidence level? 
It is commonly assumed that a 95% confidence level should be used to attach 
confidence intervals to samples (Field 2013:71; e.g. Fletcher and Lock 2005:76-77). 
However, when comparing two samples, confidence intervals calculated at the 95% 
level could overlap but the samples could still be statistically different at the 0.05 
probability level (Field 2013:71). Following Cumming and Finch (2005:176), Field 
notes that: 
 If 95% confidence intervals do not overlap then the probability of the samples 
coming from two different populations is less than 0.01; 
 If the 95% confidence intervals almost touch end-to-end then the probability of 
the samples coming from two different populations is about 0.01; 
 If there is moderate overlap between two 95% confidence intervals which are 
the same length then the probability of the samples coming from two different 
populations is about 0.05. Moderate overlap is defined as half the length of the 
margin of error where the confidence intervals are the same length (Field 
2013:71; Cumming and Finch 2005:176). 
In the current study, few samples have confidence intervals which are the same 
length. An easier method is to use a lower confidence level, such that lack of 
overlap means that samples are different at the 0.05 level or better. Payton et al. 
(2003) and MacGregor-Fors and Payton (2013) argue that samples could be 
distinguished if no overlap occurs for 84% confidence intervals, while Austin and 
Hux (2002) propose use of 83% confidence intervals. For the current study I use 84% 
confidence intervals when comparing two or more samples. 84% confidence 
intervals are shown on Figure 9 and capture most of the randomly generated 
proportions. A list of Student t-values for 84% confidence are given in Appendix 5. 
2.6.2.4. Formula to calculate sample sizes for proportions 
Drennan (2009:142-143), Fletcher and Lock (2005:77) and others (Bewick et al. 
2004) provide a formula to calculate a sample size for a given proportion. Sample 
sizes for various proportions are calculated here (Table 3), by using an online 
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calculator provided by Raosoft (at http://www.raosoft.com/samplesize.html). The 
calculations are based on a population of 10,000 artefacts, and an 84% confidence 
level. The acceptable margin of error and the proportion of the artefact category 
interact to indicate different minimum sample sizes (Table 3).  
Table 3  Calculated sample sizes for proportions, 84% confidence level with varying margins of 
error. 
Proportion of 
category in 
sample 
0.5% 
error 
margin 
1% 
error 
margin 
2% 
error 
margin 
3% 
error 
margin 
4% 
error 
margin 
5% 
error 
margin 
6% 
error 
margin 
7% 
error 
margin 
1%, 99% 726 192 - -  - - - 
2%, 98% 1,341 373 96 - - - - - 
3%, 97% 1,869 544 142 64 - - - - 
4%, 96% 2,328 705 187 84 48 - - - 
5%, 95% 2,729 858 230 104 59 38 - - 
10%, 90% 4,155 1,509 426 194 110 71 50 37 
20%, 80% 5,583 2,401 732 340 194 125 87 65 
30%, 70% 6,239 2,932 940 441 253 164 114 84 
40%, 60% 6,547 3,216 1,060 501 288 187 130 96 
50% 6,639 3,305 1,099 520 300 194 136 100 
On the Cumberland Plain, backed artefacts (for example) range between 0% and 
5%. The minimum sample sizes for this range of proportions with a 0.5% error 
margin could be between 726 for a proportion of 1%, and 2,729 artefacts for a 
proportion of 5%. But with a 1.0% error margin only 192 to 705 artefacts may be 
needed for the same proportions (Table 3). These sample sizes vary widely, so 
another method is needed to determine appropriate sample sizes for this study. 
2.6.3  Sample sizes for sites  
To illustrate the effects of sample size on the potential for random variation the 
proportions of silcrete backed artefacts were calculated for each site and 84% 
confidence intervals were attached to those proportions. The sites were then sorted 
into sample size order, largest samples on the top (Figure 11).  
When calculating confidence intervals for each site it was apparent that some 
confidence intervals do not overlap, particularly those with larger sample sizes 
(upper part of Figure 11). Some sites are likely to have lower proportions of backed 
artefacts and some sites are likely to have higher proportions. It is also apparent 
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that the confidence intervals for small samples (lower part of Figure 11) range so 
widely that the proportions at those sites could have been low, moderate or high.  
 
Figure 11  Proportions of backed artefacts at sites showing 84% confidence intervals. 
Short confidence intervals at the top of the graph are associated with large sample sizes, while wide 
confidence intervals towards the bottom of the graph are associated with small sample sizes. 
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A procedure was devised to identify appropriate minimum sample sizes for 
proportions of each artefact category, taking regional variation into account. The 
procedure is illustrated here for backed artefacts. The proportions of backed 
artefacts were calculated for each site and 84% confidence intervals were attached 
to these. The proportions of backed artefacts range from 0.0% (at three quarries) to 
4.7%. This range was subdivided into three groups: 0 – 1.8%, 2.0 – 2.8% and 3.0 – 
4.7%, such that each group had roughly even numbers of sites. The sites were then 
sorted into order based on the minimum value of the attached confidence intervals. 
Any confidence intervals with minimum values of less than 1.8% which also had 
maximum values of more than 3.0% were shaded grey, because the confidence 
intervals overlapped the low and high groups. The sites were then resorted into 
sample size order (Figure 12). No sites with 513 artefacts or more had confidence 
intervals which overlapped the low and high groups. From this it was concluded that 
samples with 513 silcrete artefacts or more could be used to distinguish between 
low and high proportions of silcrete backed artefacts in the current study.  
 
 
Figure 12  Part of the Excel worksheet used to calculate 84% confidence intervals for the 
proportions of backed artefacts. 
The procedure carried out for backed artefacts was repeated for all artefact 
variables. For some variables the process of defining sample sizes and the range of 
proportions making up the low, moderate and high groups was more difficult. For 
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focal platforms, for example, to define low and high groups which did not overlap 
for more than 293 classified platforms it was necessary to put nearly half the sites 
into the middle group, leaving fewer sites for the low and high groups. If the groups 
were not defined in this way larger sample sizes would have been needed to avoid 
overlap and there would be too few sites to investigate the distribution of focal 
platforms in the study.  
On Figure 12 one site, EL/10+11, with a sample of 461 silcrete artefacts had a shaded 
confidence interval, but three sites with smaller sample sizes did not have shaded 
confidence intervals. It may have been possible to use smaller sample sizes if I 
accepted the risk that the proportion for site EL/10+11 was uncertain. I took this 
risk for two variables with relatively large sample sizes, being backed MNI and plain 
platforms (Table 4). 
The minimum sample size for silcrete artefacts for this study is n=349. It would have 
been possible to use smaller sample sizes for analysis of the proportions of silcrete 
artefacts, broken artefacts, artefacts more than 30mm in size and cortical artefacts. 
However, larger sample sizes were needed to analyse other variables, and it is 
preferable to have reduced error margins where possible, so proportions in each 
sample would be closer to the proportions in each site (upper part of Figure 11). 
To be able to analyse all artefact variables in the current study, the minimum 
number of silcrete artefacts from a site (not including quarries) is 1,854 silcrete 
artefacts, and this site has a total sample of 2,600 artefacts of all raw material 
types. All variables could be analysed for two sites with smaller numbers of 
artefacts (1,311 and 1,527), but seven other sites with totals between 1,363 and 
1,800 do not have sufficient flakes to analyse flake variables. Archaeological 
excavations on the Cumberland Plain should aim to recover at least 3,000 artefacts, 
and allowing for the presence of heat shatters and manuports field counts of finds 
should aim for more than 3,500 cultural lithics. Of course, larger sample sizes would 
enable more precise estimates to be made of site proportions, and potentially 
enable investigation of intra-site variation. And if the aim was to analyse artefacts of 
raw material types other than silcrete, then much larger sample sizes would be 
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needed. The sample sizes needed for other regions may differ, if assemblages have 
lower or higher artefact breakage rates. 
 
Table 4  Site sample sizes, proportions and error margins for variables used in the current study, 
based on 84% confidence level. 
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Total 
artefacts, all 
raw 
materials 
% Silcrete 
artefacts 
49.7 – 
99.5 % 
≤ 72.9,    
≥ 87.8 % 
±  0.1 – 2.6 % no 43 
502 – 
19,044 
MNI, all raw 
materials 
% Silcrete 
MNI 
45.6 – 
99.6 % 
≤ 69.4,    
≥ 90.6 % 
±  0.4 – 4.8 % no 43 
186 – 
6,797 
Total silcrete 
artefacts 
% Broken 
(mesh) 
72.4 – 
95.1 % 
≤ 79.0,   
 ≥ 87.5 % 
±  0.3 – 3.2 % no 33 
349 – 
15,867 
% Cores 
0.5 –   
4.0 % 
≤ 1.1,     
≥ 2.0 % 
±  0.1 – 0.9 % no 38 
556 – 
15,867 
% Backed 
artefacts 
0 –      
4.7 % 
≤ 1.8,    
 ≥ 3.0 % 
±  0.2 – 1.6 % no 39 
513 – 
15,867 
% Bipolar 
artefacts 
0 –    
5.9% 
≤ 0.1,     
≥ 1.0 % 
±  0.0 – 1.6 % no 40 
461 – 
15,867 
% >30mm in 
size (mesh) 
2.3 – 
14.9 % 
≤ 5.0,     
≥ 8.2 % 
±  0.2 – 2.1 % no 35 
349 – 
15,867 
% Cortical 
artefacts 
0.8 – 
15.1 % 
≤ 3.3,    
≥ 5.4 % 
±  0.2 – 1.7 % no 43 
349 – 
15,867 
Total MNI 
(minimum 
number of 
individuals) 
silcrete 
% MNI Cores 
2.2 – 
10.1 % 
≤ 2.9,     
≥ 4.8 % 
±  0.3 – 2.0 % no 36 
266 – 
5,798 
% Backed 
MNI 
0 –      
9.1 % 
≤ 4.0,     
≥ 5.9 % 
±  0.3 – 1.7 % 
1, 
n=429 
35 
270 – 
5,798 
Complete 
silcrete 
% >30mm in 
size (mesh) 
4.7 – 
29.1 % 
≤ 11.5,    
≥ 19.7 % 
±  0.7 – 5.6 % no 26 
102 – 
2,512 
Complete 
silcrete 
flakes >1cm 
in size 
% Wide 
flakes 
28.6 – 
65.9 % 
≤ 33.6,    
≥ 43.1 % 
± 1.9 – 6.9 % no 32 
99 – 
1,253 
% Elongate 
flakes 
1.5 – 
18.6 % 
≤ 8.0,     
≥ 13.6 % 
±  1.3 – 5.2 % no 30 
109  – 
1,253 
Platforms on 
silcrete 
unmodified 
flakes and 
proximal 
broken flakes  
>1mm in size 
% Plain 
platforms 
30.6 – 
66.8 % 
≤ 37.6,    
≥ 44.3 % 
±  1.4 – 5.7 % 
1, 
n=252 
35 
135 – 
2,339 
% Faceted 
platforms 
0 –    
14.8 % 
≤ 5.9,     
≥ 10.5 % 
±  0.5 – 4.8 % no 40 
115 – 
2,339 
% Focal 
platforms 
12.0 – 
26.8 % 
≤ 16.2,    
≥ 20.7 % 
±  1.2 – 3.6 % no 22 
290 – 
2,339 
Note to table. Analysis of the proportions of artefacts >30mm in size is limited to assemblages 
recovered using 3mm or 3.5mm minimum mesh for sieving. 
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2.6.4  Sample sizes for concentrations 
Knapping concentrations were treated as samples in the current study, because 
some artefacts produced during the knapping episodes may be present beyond the 
mapped boundaries of concentrations, some may have been removed for use 
elsewhere, or concentrations may include some unrelated artefacts which 
coincidentally occurred in the same locations. 
The minimum sample sizes for concentrations were calculated in the same manner 
as the minimum sample sizes for site samples. Summary sample size data are given 
on Table 5. The confidence intervals for backed MNI and wide flakes, overlap so 
much that too few concentrations could be included in the analysis of those 
variables. Bipolar artefacts are too rare to analyse effectively. One other variable 
has a concentration with overlapping confidence intervals: backed artefacts (sample 
of n=791 artefacts). I adopted a minimum of 101 complete artefacts to analyse the 
proportions of complete artefacts >30mm in size; the confidence intervals for 
smaller sample sizes did not overlap but the error margins are relatively wide. 
2.7 Statistical tests  
Statistical tests are used in this study to assess whether variation (trends or 
patterns) could have arisen by random chance, or whether variation is likely to be 
real; i.e. result from a human or natural process rather than random chance. 
Multiple statistical tests are used for two reasons. Firstly, some tests are not 
appropriate for some data sets. Secondly, each test is conducted differently so 
could give different results. If multiple tests return statistically significant results 
then I could be more certain that differences between sites are robust.  
The proportions of each artefact variable at each site were calculated. For some 
tests (e.g. chi-squared, Fisher’s exact, Kendall’s tau-b and tau-c) the site proportions 
were placed in low, moderate or high groups based on the regional range of 
variation (section 2.6.3). These were coded 1, 2 and 3 respectively for ordinal 
analysis (Field 2013:103-106).  
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Table 5  Concentrations – Sample sizes, proportions and error margins for variables used in the 
current study, based on 84% confidence level. 
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Total silcrete 
% Broken 
(mesh) 
71.7 – 
95.7 % 
≤ 82.1,    
≥ 87.0 % 
±  0.7 – 3.5 % no 35 
300 – 
3,725 
% Cores 
0.1 – 
2.9 % 
≤ 0.7,     
≥ 1.6 % 
±  0.2 – 0.7 % no 34 
683 – 
3,725 
% Backed 
artefacts 
0.3 – 
8.4 % 
≤ 1.9,     
≥ 3.0 % 
±  0.3 – 1.6 % 
1, 
n=791 
39 
614 – 
3,725 
% >30mm in 
size (mesh) 
0.6 – 
13.4 % 
≤ 3.4,     
≥ 7.0 % 
±  0.4 – 2.3 % no 34 
300 – 
3,725 
% Cortical 
artefacts 
0.3 – 
11.4 % 
≤ 3.3,     
≥ 5.6 % 
±  0.2 – 1.9 % no 49 
322 – 
3,725 
Total MNI 
(minimum 
number of 
individuals) 
silcrete 
% MNI Cores 
0.8 – 
6.8 % 
≤ 2.1,     
≥ 3.8 % 
±  0.4 – 1.9 % no 20 
368 – 
1,503 
Complete 
silcrete 
% >30mm in 
size (mesh) 
3.5 – 
35.4 % 
≤ 7.5,    
 ≥ 17.0 % 
±  1.1  – 3.8 
% 
no 25 
101 – 
628 
Complete 
silcrete 
unmodified 
flakes >1cm 
in size 
% Elongate 
flakes 
3.8 – 
23.4 % 
≤ 9.9,     
≥ 17.2 % 
±  2.2 – 5.0 % no 19 
115 – 
450 
Platforms on 
silcrete 
unmodified 
flakes and 
proximal 
broken flakes  
>10mm in 
size 
% Plain 
platforms 
25.2 – 
52.7 % 
≤ 34.4,    
≥ 43.4 % 
±  2.5 – 5.8 % no 26 
146 – 
746 
% Faceted 
platforms 
0.7 – 
22.5 % 
≤ 6.2,     
≥ 13.6 % 
±  1.5 – 4.8 % no 28 
124 – 
746 
% Focal 
platforms 
11.3 – 
30.8 % 
≤ 16.3,    
≥ 23.1 % 
±  1.8 – 5.5 % no 30 
117 – 
746 
 
The original artefact data used in this study is held in Microsoft’s Access relational 
database. Summary data (total counts and proportions) are held in Microsoft Excel 
and included here in Appendix 9, Appendix 10 and Appendix 11. Data were analysed in 
IBM’s SPSS which was used to calculate most of the statistical tests. Confidence 
intervals were calculated in Microsoft Excel. Graphs were prepared in Microsoft 
Excel. 
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2.7.1  Confidence intervals for proportions  
Confidence intervals can be used as a test of significance at the 0.05 level if intervals 
calculated at the 84% level do not overlap. These issues were discussed above 
(section 2.6.2). 
2.7.2  Pearson’s chi-squared  
Pearson’s chi-squared is an established method for analysing categorical data and 
can be used to compare counts of artefact types from different samples. For a given 
table of counts the test calculates the expected values, which are compared to the 
obtained counts. Yates correction for a 2x2 table (two rows and two columns) is not 
recommended by Field (2013:724-725) or Seber (2013:52) so is not used in the 
current study.  
Drennan (2009:189-190) discusses the effects of sample size on chi-squared. Chi-
squared provides more robust results for moderate sample sizes (e.g. 100 to 200 
artefacts) than for small sample sizes (e.g. 30 or 40 artefacts). For much larger 
samples (e.g. thousands of artefacts) statistically significant results can be obtained 
even though the differences may be minor or meaningless. 
There are varying opinions as to the limits of chi-squared for assessing small 
samples. Clegg (1990:173,176) and Fletcher and Lock (2005:131) state that for a 2x2 
table the expected values in each cell should be five or more. For larger tables, up 
to 20% of cells could have values of less than five. Drennan (2009:192) suggests that 
no expected values should be less than 1 and no more than 20% of expected values 
should be less than 5. These guidelines are followed in this study.  
Chi-squared was calculated in SPSS and with VassarStats on-line calculator. 
(http://vassarstats.net/). 
2.7.3  Fisher’s exact test 
This test was developed to deal with small sample sizes and could be used when a 
table contains relatively small numbers of sites, if a cell contains zero counts or if 
too many cells in a table have fewer than five expected sites. Drennan (2009:192) 
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gives the equation for this test for a 2x2 contingency table. Fisher’s exact test was 
calculated using VassarStats on-line calculator (at http://vassarstats.net/). 
2.7.4  Kendall’s tau-b and tau-c  
Kendall’s tau-b and tau-c are useful for ordinal distributions; that is, distributions 
which have a chronological order, distance order, or coded in some other order. The 
test is described in several texts (Agresti 2010:184-190; Cohen and Holliday 
1996:69-74, 264-266; Fletcher and Lock 2005:135-138). There are two versions: tau-
b is for square tables (e.g. 2 rows and 2 columns, 3 rows and 3 columns) while tau-c 
is for rectangular tables (e.g. 2 rows and 3 columns, 2 rows and 4 columns). In the 
current study Kendall’s tau-b and tau-c were calculated in SPSS. 
2.7.5  Ordinal regression  
Regression is essentially a method of correlation, asking how well dependent 
outcomes fit predictors (Fletcher and Lock 2005:127; Muijs 2011:171). Linear 
regression has been used in archaeology, e.g. to analyse population dynamics 
(Gianmarco 2014) and is discussed by Drennan (2009:206ff,263). However, linear 
regression is not appropriate when the outcome data are proportions which can 
only vary between 0 and 1 (or 0% and 100%) (Agresti 2010:5; Field 2013:762). Nor 
can it be used when the outcomes are ordinal (e.g. low, moderate or high). Ordinal 
regression – sometimes referred to as ordered logistic regression – is appropriate 
for these kinds of data (Menard 2010; Norusis 2012).  
Ordinal regression as conducted by SPSS estimates the cumulative probability of a 
site occurring in one group against the probability of it occurring in all lower or 
higher groups (Norusis 2012:70). Ordinal regression can analyse an outcome or 
dependent variable (e.g. numbers of sites with low, moderate or high proportions) 
and one or more independent or predictor variables (e.g. presence or absence of 
raw material sequences). Ordinal regression could potentially be used to assess the 
effects of multiple independent variables (e.g. presence or absence of raw material 
sequences and distance from quarries).  
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Being able to analyse the combined effects of two landscape variables on artefact 
distributions was initially considered to be an exciting advantage of ordinal 
regression. However, in the current study many of the landscape variables are inter-
related, and this can produce spurious results (Lewis-Beck 1995:62). Further, the 
distributions involving multiple landscape variables have too many empty cells to 
produce sound results. A larger number of sites would need to be analysed or the 
raw artefact data analysed in a non-site manner.  
The results of ordinal regression are reported here, giving the Nagelkerke’s pseudo-
R2 value and probabilities. Distributions which fail the assumption of proportional 
odds are noted. Details of each ordinal regression are given in Appendix 15. 
2.7.6  Spearman’s rho 
Spearman’s rho can be used when two variables have scores (e.g. proportions and 
distance) for each site. The scores are ranked from low to high during the test, so 
the test could be conducted on continuous or ordered data, linear and curvilinear 
monotonic distributions but not U-shaped or arched distributions. The test can also 
minimize the effects of extreme outliers (Clegg 1990:18,129-130; Drennan 
2009:224-226; Field 2013:276-277; Townend 2002:201). Spearman’s rho is not 
useful for analysis of predictor variables which have only two categories, such as 
presence or absence of raw material sequences. Both Drennan (2009) and Clegg 
(1990) give step-by-step instructions for calculating Spearman’s rho. For the current 
study Spearman’s rho was calculated in SPSS. 
2.7.7  Jonckheere-Terpstra test 
The Jonckheere-Terpstra test is based on ranks and retains information on ordered 
variables (Field 2013:246). The test takes multiple independent samples (e.g. 
artefact proportions) and puts them into two or more predefined ordered groups 
(e.g. presence or absence of raw material sequence, coded distance from quarries). 
The test is described by Bewick et al. (2004) and Hollander et al. (2014:215-224). 
Cohen and Holliday (1996:254-257) provide an alternative method but it requires all 
groups to have the same number of samples. The Jonckheere-Terpstra test provides 
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a coefficient which is compared to a normal distribution table for assessment of 
statistical significance.  
For the current study Jonckheere-Terpstra tests were conducted in SPSS. While SPSS 
gave the probability level it did not give the test coefficient.  
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3.0 Silcrete artefacts on the Cumberland Plain 
3.1 Introduction 
It is now widely accepted that analysis of stone artefacts should be grounded in an 
understanding of the technology which produced them (e.g. Scerri et al. 2016). This 
is particularly so where assemblages include artefacts produced at different times 
which may include technological change. 
A fundamental aspect of stone technology is the reduction thesis – that when 
modified (flaked, ground, hammered, heat shattered) stone pieces can only get 
smaller. During the process of reduction individual artefacts may change size and 
shape, and patterns of flake removal may vary (e.g. Amick 2007; Andrefsky 2008; 
Bar-Yosef and van Peer 2009; Bleed 2001; Clarkson 2005; Dibble 1987; Flenniken 
and White 1985; Hiscock and Attenbrow 2005b; Kuhn 1990; Shott 2005; Witter 
1990:25,29-43). If different parts of the reduction continuum (early, middle, late 
stage) were conducted at different times and under different conditions then the 
nature of assemblages at individual sites could differ.  
Differences between assemblages could also be present if knapping involved use of 
particular flaking techniques, or the production of particular types or sizes of 
artefacts. The latter has led some researchers to identify Generalized Reduction 
Sequences, operational sequences or chaîne opératoire to describe patterns of 
reduction and distinctive debitage (e.g. Andrefsky 1998, 2001, 2008; Bar-Yosef and 
van Peer 2009; Hiscock 1993; Monnier and Missal 2014; Odell 2000, 2001, 2003; 
Scerri et al. 2016).  
Stone reduction could therefore have incorporated two components:  1. A general 
process of reduction during which large pieces of stone were reduced to smaller 
sizes, and 2. Knapping which included the production of particular tool types, 
shapes or sizes and may have resulted in debitage with particular attributes. 
Variation between assemblages could occur because different aspects of these two 
components may have been practiced under different conditions or at different 
times.  
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This chapter describes the methods used to identify and record the stone artefacts 
analysed in this thesis. It then analyses silcrete artefacts from a technological 
perspective to characterise the nature of reduction. Patterns identifiable at the 
artefact scale of analysis are also expressed at the site scale of analysis. 
3.2 Artefact identification and recording 
3.2.1  Categorical (type) data 
Most of the variables analysed here are categorical (type) data. The use of types in 
stone artefact studies has been criticised because different ‘types’ of modified 
artefacts may not have been intended by design but resulted from continuous 
reduction, during which artefacts changed form as reduction proceeded (e.g. Dibble 
1987; Hiscock and Attenbrow 2005a, 2005b; Shott 2005). However, categorical data 
is not intrinsically bad, provided that the categories are distinctive (Drennan 2009) 
or recognise the continuous nature of variation (Monnier 2009).  
In the current study some of the categorical variables are discrete, such as different 
raw material types. Backed artefacts are a distinctive type of retouched implement 
(Hiscock and Attenbrow 2005a). Artefacts with cortex can be distinguished from 
artefacts lacking cortex. Flakes may have different platform types (Holdaway and 
Stern 2004:119-120). Some variables are the end segments along a continuum of 
variation, such as artefacts more than 30mm in maximum size, and wide or 
elongate flakes. These latter two variables recognise the continuous nature of 
variation but focus analysis on the ends of that continuum. 
3.2.2  Artefact Identification 
Stone artefacts were identified using technical criteria based on stone fracture 
mechanics (Cotterell and Kamminga 1987; Holdaway and Stern 2004; Speth 1972; 
Wright 1983). A flake has a platform, a point of impact (force application), a 
Hertzian cone, a bulb of percussion and intact margins (Plate 2). Some flakes also 
show striations (fracture lines), a bulbar (erraillure) scar and ripple marks (Faulkner 
1972; Speth 1972). The platforms on some flakes were crushed during knapping 
(Holdaway and Stern 2004:120). The negative scars on cores and other retouched 
artefacts may show the same features, but in reverse. These features are more or 
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less pronounced, depending on the quality of the stone, the hardness of the 
hammer, and whether an anvil was used and the manner of its use.  
 
Plate 2 Technical features on a 
silcrete flake. 
From EL3A/9B, spit 2. Scale in 1mm 
increments. 
Bipolar flaking was useful where the angle of the striking platform and the sides of 
the core was 90o or greater, and to flake small cores and pebbles. In bipolar flaking 
the core was placed on an anvil and hit so that the force was directed down through 
the rock and rebounded off the anvil, to split the core into smaller pieces (Hiscock 
1996; Holdaway and Stern 2004). The resulting flakes and cores show crushing at 
the end which was struck by the hammer stone and at the end which was in contact 
with the anvil. Bipolar flakes have sheared or compressed bulbs of percussion 
(Cotterell and Kamminga 1987; Hiscock 2015). The identification criteria used here 
have been applied to all sites in this study and provide a consistent data set for 
comparative analysis.  
Artefacts were sometimes broken, either during flaking or afterwards by trampling, 
burning, modern land use or during archaeological excavation (section 3.2.11).  
3.2.3  Silcrete 
On the Cumberland Plain the nature of artefacts tend to vary with raw material type 
(Appendix 2). If artefacts of all raw material types were included in an assemblage 
variation between assemblages could be related to variation between raw material 
types rather than to variation in the way any one raw material type was flaked or 
the technology relating to that raw material type was organised. This study analyses 
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silcrete artefacts because artefacts of this raw material type are most abundant on 
the Cumberland Plain. 
Silcrete formed when silica in ground water cemented sediments, so the texture of 
the rock reflects the parent materials (Corkill 1999:44; Doelman et al. 2015). The 
stone is often flawed. Artefacts vary in colour depending on the mineral 
composition and dgree of heating (Corkill 1997, 1999).  
3.2.4  Cortex  
The presence and extent of cortex on silcrete artefacts could indicate something of 
the extent of reduction of cobbles or pebbles. Artefacts with cortex (and particularly 
extensive cortex) would have come from the outer part of a cobble or pebble while 
artefacts lacking cortex would have come from inside those rocks (Barton 2008; 
Dibble et al. 2005; McNiven 1993). Higher proportions of cortical artefacts could 
indicate flaking of stone in early stages of reduction, while lower proportions of 
cortical artefacts indicate that most cortex had been removed prior to flaking. The 
presence and extent of cortex on artefacts could have been related to the size and 
shape of rocks, whether cortex was deliberately removed as an initial flaking 
strategy, the intensity of flaking, and whether cortical artefacts were selectively 
transported (Dibble et al. 2005). The frequency of cortical artefacts in assemblages 
has often been used in studies of the effects of distance from quarries and 
provisioning (see Chapters 8.0 and 9.0). 
Cortex is identified here as the outer, smooth, weathered layer of stone, sometimes 
with arcuate fracture (impact points) from having been transported in a stream 
(Doelman et al. 2015; Peter Mitchell personal communication, Plate 3). Cortex is 
variously thick (sometimes up to 10mm thick), white and chalky (Doelman et al. 
2015) or hard and thin (perhaps 1mm thick or less). Variation in the nature of the 
cortex could be due to different silica or other content of individual cobbles, or to 
different histories of breakage, weathering, deposition and fluvial transport. 
Flawed, other rough and weathered surfaces were not recorded as cortex (Plate 4, 
Plate 5). This definition has been adopted because the fluvial St Marys Formation, 
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and deposits derived from this, were the natural sources of silcrete in the region – 
bedrock outcrops are currently unknown. 
 
   
Plate 3  Silcrete angular pebble 
with smooth thin cortex. 
From EL1/5C spit 2. Scale in 
1mm and 5mm increments. 
Plate 4  Flaw surface, not cortex.  
From EL/TU104 spit 2. Scale in 
1mm increments. 
Plate 5  Rough flaw surface, 
not cortex.  
From ADI/CP3 TU52 spit 2. 
Scale in 1mm increments. 
 
Most sites do not have sufficient numbers of cortical artefacts to subdivide the 
artefact data by analysing the extent of cortex on artefacts. Hence, cortex data is 
summarised here as present or absent. Cortex data was not recorded for site WH3. 
Analysis of cortical artefacts using a cortex ratio has been advocated (Dibble et al. 
2005; Douglass and Holdaway 2011). However, this ratio includes an estimate of the 
average nodule size used to produce an assemblage (Douglass and Holdaway 
2011:46). On the Cumberland Plain, silcrete occurs naturally as boulders, cobbles, 
pebbles and weathered nodules. These natural objects vary widely in size and some 
retain only partial cortex cover. It would be difficult to estimate an average nodule 
size prior to flaking. For this reason the cortex ratio is not used in the current study. 
3.2.5  Cores 
A core is a piece of stone which was reduced to produce flakes for use as tools or 
for further flake production (Plate 6, Plate 7, Plate 8, Gorman 1992; Holdaway and 
Stern 2004:37-38,179; Moore 2000). In this sense a core functioned as a raw 
material supply. As a general guide to distinguishing cores from other retouched 
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artefacts, flake scars or partial flake scars should be more than 10mm in size, as 
most tools are larger than this. This definition permits the inclusion of cores which 
were also used as tools, potentially important in a technology which made use of 
any suitable item as a core (Amick 2007).  
 
   
Plate 6  Silcrete core.  
From EL1/4D spit 2. Scale in 
1mm and 5mm increments. 
Plate 7  Silcrete core.  
From EL8D/3B spit 2. Scale in 
1mm and 5mm increments. 
Plate 8  Silcrete core.  
From EL1/1D spit 1. Scale in 
1mm and 5mm increments. 
The piece of stone exploited as a core (the core body) may have originally been a 
cobble, a pebble, a weathered nodule, a flake, other artefact or a heat shatter 
(Amick 2007; Flenniken and White 1985:137; Gorman 1992; Holdaway and Stern 
2004:204-206). Cores are artefacts with negative flake scars only, or where former 
flakes were reduced as cores, the negative scars intercept the ventral surface of the 
flake in a manner which demonstrates the scars were more recent in the reduction 
sequence than the ventral surface of the former flake. The use of flakes as cores 
was an essential component of the nature of silcrete reduction on the Cumberland 
Plain.  
Some researchers do not classify flake bodies as cores (e.g. Clarkson and O’Connor 
2013:153; Hiscock 2007a:203). However, the use of former flakes as cores has been 
recognised in other studies (Flenniken and White 1985:137; Holdaway and Stern 
2004:204-206), and was an important part of reduction in the Hunter Valley (Moore 
2000). Flake bodies that are cores include ‘retouched flakes’ described by Hiscock 
(1993) as part of the Redbank A Strategy, ‘burinate retouched flakes’ described by 
Hiscock and Attenbrow (2005a:105-106), ‘burin blade cores’ described by Holdaway 
and Stern (2004:38,204,206) and ‘blade cores produced on macro-flakes and linear 
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flakes’ described by Flenniken and White (1985:140). These artefacts are included 
as cores in this study because they were producers, in the sense that flakes struck 
from them were often made into backed artefacts or used as other tools. Further, 
disallowing cores of flake body but including cores which have only negative flake 
scars, leads to an odd situation – cores of flake body which have been so extensively 
flaked that evidence of the flake body was removed would be classified as cores, 
but cores of flake body which were less extensively flaked would not be classified as 
cores.  
3.2.6  Bipolar artefacts 
Bipolar flaking and bipolar artefacts are described above (section 3.2.2, Plate 9, Plate 
10, Plate 11). Bipolar flaking enabled the removal of flakes from small cores (Hiscock 
1996, 2015) and the use of this technique has been linked to increased quarry 
distance and low mobility (sections 8.2 and 9.2). Bipolar artefacts have also been 
linked to change over time, with this type of artefact becoming more frequent in 
the last 1,500 years or so (section 6.2.2.5).  
   
Plate 9  Silcrete bipolar core.  
From EL10C/19A spit 1. Scale in 
1mm and 5mm increments. 
Plate 10  Silcrete bipolar flake.  
From EL10B/3B spit 1. Scale in 
1mm increments. 
Plate 11  Silcrete bipolar flake.  
From EL08B/1C spit 2. Scale in 
1mm increments. 
 
3.2.7  Backed artefacts 
Backed artefacts are one of few distinctive shaped artefact types in the Greater 
Sydney Region (Hiscock and Attenbrow 2005a). They are usually less than 50mm in 
size, with steep blunting retouch along one or more margins. The backed margin is 
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usually, but not always, opposite a sharp margin. Backed artefacts are often 
asymmetric (Plate 12) but vary in shape and geometrics are present (Plate 13). 
 
 
 
Plate 12  Backed artefacts, 
asymmetric form.  
From EL2A, square 1B spit 2, 1A 
spit 3 and 1D spit 2. Silcrete. Scale 
in 1mm and 5mm increments. 
Plate 13  Backed artefacts, geometric form.  
From ADI/WP5/B, square 160E101N. Silcrete. Scale in 1mm and 
5mm increments. 
3.2.8  Artefacts more than 30mm in size 
Artefact size related to reduction through the simple proposition that cores became 
smaller as reduction progressed, and large flakes could not be struck from small 
cores (e.g. Shott 2005). The frequency of large artefacts in assemblages has been 
used in studies of the effects of distance from quarries and provisioning (chapters 
8.0 and 9.0). Large artefacts may also have been more frequent in older 
assemblages (e.g. Attenbrow 2010a:154). On the Cumberland Plain most silcrete 
artefacts are small; an artefact more than 30mm in maximum size is relatively large.  
Maximum artefact size is recorded as the longest dimension of an artefact, 
measured in any direction. The proportions of artefacts more than 30mm in size are 
vulnerable to the minimum mesh size used for sieving (Appendix 4), so analysis of this 
variable was restricted to those sites where 3mm or 3.5mm mesh was used. 
3.2.9  Flake shape 
Flake shape has been shown to change over time at several sites in other regions, 
with higher proportions of elongate flakes in assemblages associated with backed 
artefacts compared to older assemblages. On the Cumberland Plain there is a 
tendency for more elongate IMSTC flakes in Bondaian assemblages (White 2017). 
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However, Hiscock (1993, 2002b) argued that flake shape varies more between sites 
and with raw material type. The proportions of wide and elongate flakes also vary 
between raw material types (Appendix 2 Table A171 and Table A172).  
Flake shape was recorded for unmodified complete flakes more than 10mm in size 
(Figure 13). The current study focussed on the two ends of the shape continuum, 
being elongate and wide flakes. Elongate flakes are twice as long as they are wide, 
or more than twice as long as wide (length ≥ 2 x width; Holdaway and Stern 
2004:184; cf. Mackay 2008:88). Wide flakes are wider than they are long, or as wide 
as they are long. 
 
 
Figure 13  
Flake shape. 
Modified from 
JMcD CHM 
2005a:45, with 
permission. 
 
3.2.10  Platforms on flakes and proximal broken flakes 
Platform surfaces on modified and unmodified flakes and proximal broken flakes 
can indicate some aspects of core flaking (Hiscock 1986; Holdaway and Stern 
2004:119). Platform surface was recorded for modified and unmodified flakes and 
proximal broken flakes more than 10mm in size. The current study focussed on 
three types – plain, faceted and focal platforms (Figure 14). 
 
Figure 14  Platform types. 
Modified from JMcD CHM 2005a:45, with permission. 
Plain platforms are those which consist of a single surface, which may have been 
formed by a partial flake scar, flaw or other type of surface, but not cortex 
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(Debenath and Dibble 1994:13-14). This type does not include focal platforms nor 
platforms with ridges or multiple scars on the surface. Plain platforms derive from 
unifacial flaking of cores or tool retouching. They are the most frequent type on the 
Cumberland Plain. 
Faceted platforms derive from core platform preparation. Tiny flakes were struck 
from the edge of the platform of the core, across the platform surface (Hiscock 
1993). Faceting may be visible as numerous tiny scars or step terminations. The 
faceting occurred prior to the flake being detached from its core. Faceted platforms 
may be a temporal marker, being a little more common in the Hunter Valley in the 
Middle Bondaian (Baker 1992; Haglund 1989; Hiscock 1986) and possibly during the 
Middle Bondaian at Shaws Creek KII rock shelter (Kohen et al. 1984:64). 
Focal platforms were associated with producing thin flakes by striking the platform 
close to the edge of the core (Hiscock 1988a:104). Focal platforms are very small, 
covering twice the area of the ring crack or less. They may have been produced 
more frequently during later stages of reduction (Hiscock 1988a:106) and could be 
associated with stone rationing (section 8.2).  
3.2.11  Artefact breakage and MNI 
The total number of artefacts in an assemblage could be influenced by artefact 
breakage. High rates of fragmentation could lead to falsely high artefact counts and 
could affect the proportions of artefact types. Estimates of the Minimum Number of 
Individuals (MNI) has been recommended (e.g. Hiscock 2002a; Holdaway and Stern 
2004:111-116; Shott 2000). The current research finds that artefact breakage is 
related strongly to distance from quarries (section 8.4.3). An estimate of MNI 
included an estimate of the minimum number of flakes as well as an estimate of the 
minimum number of modified artefacts. 
Information about artefact breakage was included in the classification of artefact 
types. If the side or end of a flake was missing the artefact was classified as a 
proximal broken flake (Figure 15). Proximal broken flakes here included flakes with 
step terminations, due to the difficulty of consistently distinguishing step 
terminations from breaks (Holdaway and Stern 2004:116). Flakes broken 
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longitudinally through their centres were classified as cone-split broken flakes, with 
most recordings distinguishing between left and right sides. Distal and medial 
fragments were distinguished for some but not all projects. Flaked pieces showed 
signs of flaking but could not be oriented towards a point of force application. Some 
artefacts were so broken that only heat shatter surfaces remained. Occasionally, 
some of these broken fragments had remnant flaked surfaces, indicating that they 
derived from broken artefacts.  
 Figure 15  Flake breakage. 
The minimum number of flakes could be estimated by counting the number of 
flakes and proximal broken flakes, together with half the number of cone-splits if 
left and right sides had not been distinguished (Holdaway and Stern 2004:115). A 
more accurate estimate could take into account the larger number of left or right 
side fragments, and whether distal fragments outnumbered proximal fragments 
(Hiscock 2002a). For this study the minimum number of flakes was the number of 
complete flakes + proximal broken flakes + the larger of left or right sides of 
proximal cone-splits. The left and right sides of cone-splits had not been 
distinguished for sites ADI/47+48, PH2+3, RH/CC2, RH/CD12 or WH3. For these sites 
the total number of longitudinal spits for each site was halved. Distal fragments 
were not compared to proximal fragments because this data was not consistently 
recorded for many sites. It is acknowledged that the method used for the current 
study may have provided low estimates of the minimum number of flakes but the 
method provided a consistent data set for inter-site comparisons.  
Cores, backed artefacts and some other modified artefacts do not always have the 
same reference points as flakes (e.g. platforms). Hiscock (2002a:257) suggested that 
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estimates for the minimum number of modified artefacts could be made, based on 
the mean weights of complete artefacts compared to fragments. For the more 
numerous raw material types (silcrete, IMSTC and quartz) the mean weights of 
complete artefacts and the mean weights of broken artefacts was calculated for 
each raw material type for each type of modified artefact (backed artefacts, cores, 
other retouched or usewear artefacts). The mean broken weight was divided by the 
mean complete weight, which was then multiplied by the number of broken 
artefacts of the same type to give an estimate of the minimum number of modified 
artefacts prior to breakage. (A simpler method would have been the total weight of 
broken artefacts of each particular type divided by the mean weight of complete 
artefacts of that type.) For raw materials with fewer than 10 modified artefacts of a 
particular type (e.g. silicified wood, other fine grained siliceous, quartzite and 
various other rock types), the number of broken modified artefacts was counted as 
one (if only one is present), or halved if two or an even number was present, or 
two-thirds was estimated if an odd number was present. As the weights of backed 
artefacts varied less widely than the weights of cores or artefacts with retouch 
and/or usewear, the estimates of the minimum number of backed artefacts may 
have been more accurate than the estimates for other types of modified artefacts. 
The minimum number of individuals (MNI) was then calculated as the estimated 
minimum number of flakes plus the number of complete modified artefacts plus the 
estimated minimum number of broken modified artefacts. 
3.3 Artefact analysis 
3.3.1  Cores 
Cores (defined in section 3.2.5) can retain evidence of procurement and aspects of 
stone reduction (e.g. Baker 1992; Clarkson 2007; Clarkson 2010; Douglass et al. 
2018; Flenniken and White 1985; Hiscock 1996; McCarthy 1976; Moore 2000). Two 
basic models of stone reduction emerge from previous studies of cores: 1. That a 
natural rock may have been procured and flaked until it was small, such that flaking 
one cobble resulted in one core (e.g. Clarkson 2007:83-88; Hiscock 2007b), or 2. A 
process of reduction described for the Hunter Valley north of the Cumberland Plain 
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as nesting (Moore 2000). In this nesting process, natural rocks were fragmented 
into smaller pieces (by flaking and heat shattering), some of which were reduced as 
cores. Some flakes struck from those cores were then reduced as cores, and some 
of those flakes may in turn have been reduced as cores. A single cobble may 
therefore have given rise to many cores. Analysis below indicates that this latter 
process was prevalent on the Cumberland Plain.  
Cores are end points in reduction at the time of discard but this does not mean that 
cores were exhausted. They may have been left on sites because they were no 
longer needed, too small to meet the knapping requirements of the time, or left as 
stockpiled items in case of future need (Baker 1992:48; Nelson 1991). 
Consequently, different cores may show different parts of the reduction continuum.  
Cores could potentially be recorded in various ways to describe their size, shape, 
numbers of platforms, patterns of flake removals, or scars could be counted and 
their dimensions recorded (e.g. Clarkson 2007, 2010; Holdaway and Stern 2004:179-
211). The analysis here is concerned with the types of items used as cores (core 
body), presence of cortex, core size and flaking patterns, because these variables 
are relevant to the variables analysed in later chapters. The cores analysed here are 
from the site samples analysed in chapter 8.0. 
3.3.1.1. Cortex, size and core body 
The presence of cortex on cores is related strongly to core size (Table 6, Figure 16). All 
cores more than 110mm in size have cortex, while relatively few less than 20mm in 
size have cortex. 
Table 6  Size of complete cores and cortex. 
Core size (mm) Cortex present Total complete cores % With cortex 84% confidence 
intervals 
≤20 3 72 4.2 0.1 – 8.2 
20.5-30 68 547 12.4 10.4 – 14.4 
30.5-40 106 473 22.4 19.7 – 25.1 
40.5-50 66 205 32.2 27.6 – 36.8 
50.5-60 37 87 42.5 35.2 – 49.9 
60.5-80 40 63 63.5 55.1 – 71.9 
>80 33 43 76.7 67.6 – 85.8 
Total 353 1,490 23.7 22.1 – 25.2 
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Figure 16  Size of 
complete cores and 
cortex. 
Shows 84% 
confidence intervals 
with proportion at 
midpoint. 
 
Various core bodies can be identified, being the original form of the rock which was 
flaked (Baker 1992; Koettig 1994 Vol 5). On the Cumberland Plain these include 
natural rocks (cobbles, pebbles, weathered nodules), unweathered heat shatters, 
flakes and indeterminate items.  
A small proportion of cores (3%) retain sufficient cortical or heavily weathered 
surfaces to enable classification as cobbles, pebbles or weathered nodules. These 
cores of natural rock bodies are probably uncommon because continued reduction 
would have removed the outer surfaces which enable identification of these types. 
Cobble/pebble cores tend to be larger than weathered nodule cores (Table 7). Fewer 
than half the weathered nodule cores retain cortex.  
Table 7  Size of complete cores, core body and cortex. 
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Cobble/pebble  1 1 1 14 17 94.1 90.6 – 100 17 100 100% by definition 
Nodule 1 10 4 2 17 94.1 90.6 - 100 6 35.3 19.7 – 50.9 
Heat shatter  14 78 36 16 144 90.3 86.7 - 93.9 55 38.2 32.5 - 43.8 
Flake  154 153 24 4 335 54.0 50.2 - 57.8 67 20.0 16.9 – 23.1 
Indeterminate  449 436 58 34 977 54.0 51.8 - 56.3 208 21.3 19.4 – 23.1 
Total 619 678 123 70 1,490 58.5 56.7 - 60.2 353 23.7 22.1 – 25.2 
About one-tenth of cores are former heat shatters (Table 7). Glossy flake scars on 
these cores intercept heat shatter surfaces in such a way as to indicate that flaking 
occurred after heat breakage. Some heat shatters may have been fragments from 
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natural burning, but heating and shattering was probably part of a deliberate 
strategy to fragment rounded silcrete cobbles or nodules into angular pieces 
suitable for flaking (Baker 1992; Moore 2000). Heating silcrete had the added 
advantage of improving the flaking quality of the stone (e.g. Baker 1992; Domanski 
and Webb 1992; Hiscock 1993; Moore 2000; McDonald and Rich 1994). About one-
third of heat shatter cores retain cortex and most are more than 30mm in 
maximum size (Table 7). About one-third of the heat shatter cores retain remnant 
dull flaked surfaces. These remnant surfaces indicate that some of the silcrete was 
flaked prior to heating and breakage. Heating probably occurred at different points 
in the reduction continuum – some cobbles or nodules may have been fractured 
before flaking, some silcrete may have been flaked then heated.  
Cores which are former flakes are common. Only one-fifth of these cores retain 
cortex and only half are more than 30mm in size (Table 7).  
The majority of cores are of indeterminate type, due to extensive flaking and the 
presence of flaw surfaces which obscure evidence of the original body. The size 
structure and proportions of these cores with cortex are similar to cores of flake 
body (Table 7). 
The presence of five cores which were recycled weathered artefacts indicates some 
opportunism in the procurement and flaking of silcrete. Recycling may have been 
more frequent than the data for cores suggests, because it was identifiable here 
only if the previously discarded artefacts were obviously weathered before being 
flaked again.  
3.3.1.2. Core flaking patterns 
Four core flaking patterns were recognised, being unifacial, bifacial, asymmetric and 
bipolar (Figure 17, JMcD CHM 2005a).  
 In unifacial flaking, flakes were struck in one direction from a platform surface. A 
core may have been rotated and may have had multiple unifacial platforms 
(sometimes referred to as bidirectional or multi-platform cores, Holdaway and 
Stern 2004:180).  
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 In bifacial flaking, flakes were struck from the two faces of a platform edge 
(Holdaway and Stern 2004:180). A bifacial pattern of removal made use of the 
bulbar scar from one flake removal to give a lower platform angle for a flake 
removed from the alternate face of the platform edge (Flenniken and White 
1985: 136; Witter 1990:31). 
 In asymmetric flaking, small flakes (in the form of core preparation and platform 
faceting) were removed from the platform surface. Then the core was rotated 
and larger flakes were struck using the prepared surface as a platform (referred 
to as alternating by Baker 1992). This pattern included platform faceting 
(Hiscock 1993). This flaking pattern was associated with backed artefact 
production although backed artefact production also included other flaking 
patterns (see below; Baker 1992; Hiscock 1993; Holdaway and Stern 
2004:204,206). 
 In bipolar flaking, a core was rested on an anvil and force applied to it at an 
angle close to 90o, towards the core’s contact with the anvil (Cotterell and 
Kamminga 1987; Hiscock 1996; Holdaway and Stern 2004:11-12). Force passed 
through the core and bounced back from the anvil. The resulting flakes and core 
show compressed ventral surfaces/scars, as well as crushing at the end which 
was struck by the hammer and at the end which was in contact with the anvil 
(Cotterell and Kamminga 1987:688,698, 699-700). 
 
 
Figure 17  Core flaking patterns. 
Drawn by the author, modified from JMcD CHM 2005a:43-44, with permission. 
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In the current sample, one quarter (26%) of complete silcrete cores showed more 
than one flaking pattern, indicating some variation in the use of flaking patterns 
during core reduction.  
Overall, unifacial flaking is the single most frequent pattern, being present alone or 
in combination with other patterns on half (54%) the silcrete cores. Unifacial flaking, 
when not combined with any other flaking pattern, tends to be more frequent on 
larger cores (Table 8, Figure 18). Bifacial flaking is less frequent, occurring on about 
one-fifth (19%) of cores. This flaking pattern also tends to be proportionately more 
frequent on larger cores (Figure 18, Table 9).  
Table 8  Size of complete cores with unifacial flaking but no other flaking pattern. 
Core size Unifacial 
flaking alone 
Total 
cores  
% Cores with unifacial 
flaking alone 
84% confidence 
intervals 
≤ 30mm 131 619 21.2 18.9 – 23.5 
30.5 – 40mm 156 473 33.0 29.9 – 36.0 
40.5 – 50mm 84 205 41.0 36.2 – 45.8 
> 50mm 116 193 60.1 55.2 – 65.0 
Total 487 1,490 32.7 31.0 – 34.4 
 
 
Figure 18  Core flaking patterns and size of complete cores, with 84% confidence intervals. 
Asymmetric flaking is the second most frequent pattern overall, occurring on nearly 
half (46%) the silcrete cores. This flaking pattern is most frequent on smaller cores, 
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less than 40mm in maximum size (Figure 18, Table 10). Bipolar flaking is least frequent, 
occurring on only 7% of silcrete cores. Most of these cores are less than 30mm in 
maximum size (Figure 18, Table 11). Some cores which were not reduced by bipolar 
flaking have distal chipping indicative of anvil resting during flaking (Table 12). Other 
small cores were probably also stabilised during reduction but may not show anvil 
chipping.  
Table 9  Size of complete cores with bifacial flaking. 
Core size All cores with 
bifacial flaking  
Total 
cores  
% Cores with 
bifacial flaking  
84% confidence 
intervals 
≤ 30mm 87 619 14.1 12.1 – 16.0 
30.5 – 40mm 91 473 19.2 16.7 – 21.8 
40.5 – 50mm 49 205 23.9 19.7 – 28.1 
> 50mm 55 193 28.5 23.9 – 33.1 
Total 282 1,490 18.9 17.5 – 20.4 
 
Table 10  Size of complete cores with asymmetric flaking. 
Core size All cores with 
asymmetric flaking  
Total 
cores  
% Cores with 
asymmetric flaking  
84% confidence 
intervals 
≤ 30mm 341 619 55.1 52.3 – 57.9 
30.5 – 40mm 241 473 51.0 47.7 – 54.2 
40.5 – 50mm 82 205 40.0 35.2 – 44.8 
> 50mm 27 193 14.0 10.4 – 17.5 
Total 691 1,490 46.4 44.6 – 48.2 
 
Table 11  Size of complete cores with bipolar flaking. 
Core size All cores with 
bipolar flaking  
Total 
cores  
% Cores with 
bipolar flaking  
84% confidence 
intervals 
≤ 30mm 90 619 14.5 12.5 – 16.5 
30.5 – 40mm 13 473 2.7 1.6 – 3.9 
40.5 – 50mm 2 205 1.0 0 – 2.3 
> 50mm - 193 0 0 – 1.0 
Total 105 1,490 7.0 6.1 – 8.0 
 
Size (mm) Possible anvil crushing Table 12  Size of complete cores with anvil 
crushing (not including bipolar cores). 15.5 – 20 4 
20.5 – 25 20 
25.5 – 30  16 
30.5 - 35 7 
35.5 – 40 6 
40.5 – 45 3 
45.5 - 50 - 
Total 56 
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As the presence of cortex on cores relates to both core body and core size, and core 
flaking patterns relate to core size, the presence of cortex also relates to core 
flaking pattern (Table 13, Figure 19). Cores with asymmetric flaking tend to have 
cortex less often than cores showing unifacial and/or bifacial flaking. Bipolar silcrete 
cores rarely have cortex. 
 
Table 13  Flaking pattern and complete cores with cortex. 
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Figure 19  Flaking 
pattern and % 
cores with cortex. 
Shows 84% 
confidence 
intervals with 
proportion at 
midpoint. 
 
3.3.1.3. Summary of cores 
The analysis of cores provides a general outline of the nature of silcrete reduction 
on the Cumberland Plain. Silcrete cobbles, pebbles and weathered nodules were 
fragmented (by flaking and heat shattering) into smaller pieces. Some of those 
smaller pieces were used as cores and fragmented into even smaller pieces – and 
some of those pieces were in turn used as cores (i.e. core nesting, Moore 2000). 
During this process the numbers of small cores progressively increased and fewer 
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cores retain cortex. The prevalence of different core flaking patterns tended to vary 
as cores became smaller. Larger cores tended to be flaked unifacially, and less often 
bifacially. Smaller cores tended to be reduced by asymmetric flaking. These include 
burinate-type flake and heat shatter cores. Bipolar flaking was sometimes used to 
extend reduction of small pieces of silcrete.  
3.3.2  Size and cortex on all complete artefacts 
The analysis of silcrete cores indicates that the presence of cortex varies with core 
size. This is also the case for all complete artefacts. Cortex occurs proportionately 
more often on complete silcrete artefacts more than 30mm in maximum size, than 
on small silcrete artefacts (Table 14).  
 
Table 14  Size of complete artefacts with cortex. 
Artefact size 
(mm) 
Cortex 
present 
Total complete 
artefacts 
% With cortex 84% confidence 
intervals 
≤30mm 934 18,936 4.7 4.7 – 5.2 
>30mm 721 2,837 25.4 24.3 – 26.6 
Total 1,655 21,773 7.6 7.2 – 8.0 
Backed artefacts have cortex less often than other retouched flakes and unmodified 
flakes generally (Table 15, Figure 20). And most backed artefacts are less than 30mm 
in size (Table 16, Figure 21). A general relationship between the proportions of large 
artefacts and cortical artefacts results in the broadly similar shape of distributions 
on Figure 20 and Figure 21. These associations are consistent with the reduction model 
– that cortex was present on most natural rocks which were procured for flaking, 
and as silcrete was reduced into smaller pieces proportionately fewer of those 
pieces retained cortex.  
 
Table 15  Types of complete artefacts with cortex. 
Artefact Types Cortex present Total % with Cortex 84% confidence 
intervals 
Cores 353 1,490 23.7 22.1 – 25.2 
Other retouched flakes 31 344 9.0 6.8 – 11.2 
Possible usewear 4 99 4.0 0.8 – 7.3 
Backed artefacts 13 1,156 1.1 0.7 – 1.6 
Complete flakes 1,252 18,401 6.8 6.5 – 7.1 
Backing flakes 2 283 0.7 0 – 1.7 
Total 1,655 21,773 7.6 7.2 – 8.0 
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Figure 20  Types of 
complete artefacts 
with cortex. 
Shows 84% 
confidence intervals 
with proportion at 
midpoint. 
 
Table 16  Types of complete artefacts with cortex >30mm in maximum size. 
Artefact Types Artefacts 
>30mm in size 
Total % >30mm in 
size 
84% confidence 
intervals 
Cores 871 1,490 58.5 56.7 – 60.2 
Other retouched flakes 133 344 38.7 35.0 – 42.3 
Possible usewear 23 99 23.2 17.3 – 29.2 
Backed artefacts 49 1,156 4.2 3.4 – 5.1 
Complete flakes 1,761 18,401 9.6 9.3 – 9.9 
Backing flakes - 283 0 0 – 0.7 
Total 2,837 21,773 13.0 12.7 – 13.4 
 
 
Figure 21  Types of 
complete artefacts 
>30mm in maximum 
size. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
 
3.3.3  Platform types and flake shape 
3.3.3.1. Platform types and artefact type 
Platforms on flakes (and proximal broken flakes) are remnants of the core platforms 
from which the flakes were removed, and the nature of platforms can provide 
information about the way cores were flaked (Holdaway and Stern 2004:119). 
Platform type (Figure 14) was recorded for complete and broken modified and 
unmodified flakes and proximal broken flakes more than 10mm in size. Note that 
when I refer here to the platform on cores of flake body, I mean the original 
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platform of the former flake which was utilised as the core. Complete and broken 
artefacts were analysed to increase sample sizes. 
Some platform types related to particular core flaking patterns (Table 17). The most 
distinctive associations were for cortical and plain platforms which derived from 
unifacial flaking, faceted platforms which derived from asymmetric flaking, and 
bipolar flakes (from bipolar flaking). Focal platforms could have derived from most 
core flaking patterns, but they are analysed in later chapters because they indicated 
precise location of blows, production of thin flakes (Hiscock 1986:44, 1988:106), 
and were potentially useful to conserve stone (Hiscock 1988a:106). 
 
Table 17  Platform types and their association with core flaking patterns. 
Core flaking pattern Cortical Plain Ridged Scarred Faceted Focal Bipolar 
Unifacial x x    x  
Unifacial with core rotation x x x   x  
Bifacial   x x  x  
Asymmetric   x x x x  
Bipolar       x 
 
Proportionately fewer backed artefacts have plain platforms than other modified 
and unmodified artefacts (Table 18, Figure 22); and proportionately more backed 
artefacts have faceted platforms than other artefact types (Table 19, Figure 23). The 
proportions of focal platforms show little variation between types, but are least 
frequent on cores of flake body (Table 20, Figure 24). Backed artefacts were rarely 
made on bipolar flakes but bipolar flakes were retouched and/or used as tools a 
little more often (Table 21, Figure 25). Most bipolar flaking of cores was probably 
conducted to produce flakes for use as tools rather than flakes for backing.  
 
Table 18  Plain platforms on artefact types, complete and broken artefacts. 
Artefact type Plain platforms  Total artefacts  % Plain 
platforms  
84% confidence 
intervals 
Cores of flake body 76 142 53.5 47.7 – 59.4 
Other retouched 126 310 40.6 36.7 – 44.6 
Possible usewear 54 124 43.5 37.3 – 49.7 
Backed artefacts 89 609 14.6 12.6 – 16.6 
Unretouched flakes 9,316 22,570 41.3 40.8 – 41.7 
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Figure 22  %Plain 
platforms on artefact 
types. 
Shows 84% 
confidence intervals 
with proportion at 
midpoint. 
 
Table 19  Faceted platforms on artefact types, complete and broken artefacts. 
Artefact type Faceted 
platforms  
Total artefacts  % Faceted 
platforms  
84% confidence 
intervals 
Cores of flake body 5 142 3.5 1.0 – 6.0 
Other retouched 28 310 9.0 6.7 – 11.4 
Possible usewear 17 124 13.7 9.3 – 18.2 
Backed artefacts 285 609 46.8 44.0 – 49.6 
Unretouched flakes 1,917 22,570 8.5 8.2 – 8.8 
 
 
Figure 23  %Faceted 
platforms on artefact 
types. 
Shows 84% 
confidence intervals 
with proportion at 
midpoint. 
 
 
Table 20  Focal platforms on artefact types, complete and broken artefacts. 
Artefact type Focal platforms  Total artefacts  % Focal 
platforms  
84% confidence 
intervals 
Cores of flake body 1 142 0.7 0 – 2.4 
Other retouched 41 310 13.2 10.5 – 16.0 
Possible usewear 18 124 14.5 10.0 – 19.1 
Backed artefacts 102 609 16.7 14.6 – 18.9 
Unretouched flakes & 
proximal broken flakes 
4,349 22,570 19.3 18.9 – 19.6 
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Figure 24  %Focal 
platforms on artefact 
types. 
Shows 84% 
confidence intervals 
with proportion at 
midpoint. 
 
Table 21  Bipolar artefact types, complete and broken artefacts. 
Artefact type Bipolar 
artefacts  
Total artefacts  % Bipolar 
artefacts  
84% confidence 
intervals 
Cores of flake body - 142 0 0 – 1.4 
Other retouched 5 310 
1.8 0.8 – 2.8 
Possible usewear 3 124 
Backed artefacts 1 609 0.2 0 – 0.6 
Unretouched flakes & 
proximal broken flakes 
230 22,570 1.0 0.9 – 1.1 
Note to table. Retouched and usewear artefacts are combined to provide a larger sample size and 
narrower confidence interval. 
 
 
Figure 25  %Bipolar 
artefact types. 
Shows 84% 
confidence intervals 
with proportion at 
midpoint. 
 
3.3.3.2. Platform types, flake size and cortex 
Only small proportions of flakes with focal platforms and bipolar flakes more than 
10mm in size are more than 30mm in size (Table 22, Figure 26). Slightly higher 
proportions of flakes with faceted platforms are more than 30mm in size. Flakes 
with faceted and focal platforms, and bipolar flakes, retain cortex less often than 
flakes with plain platforms (Table 22, Figure 27). 
As flake size increases the proportions of cortical flakes tend to increase. This trend 
is shown strongly by flakes with plain platforms and less strongly by flakes with focal 
platforms (Table 22, Figure 28). Flakes with faceted platforms up to 25mm in size 
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rarely have cortex. Flakes with faceted platforms more than 25mm in size have 
cortex less frequently than flakes more than 25mm in size with plain or focal 
platforms. Knappers tended to produce larger non-cortical flakes with faceted 
platforms compared to flakes with plain or focal platforms. 
 
Table 22  Platforms, size and cortex on complete flakes. 
Platforms Flake size 
(mm) 
Cortical 
flakes 
Total 
flakes  
% Cortical 
flakes  
84% confidence 
intervals for 
cortical flakes 
84% confidence 
intervals for 
flakes >30mm 
Plain 
10.5-15 70 1,664 4.2 3.5 – 4.7 - 
15.5-20 79 1,031 7.7 6.5 – 8.8 - 
20.5-25 93 786 11.8 10.2 – 13.5 - 
25.5-30 67 480 14.0 11.7 – 16.2 - 
>30 183 741 24.7 22.5 – 26.9 15.0 – 16.5 
Total plain 492 4,702 10.5 9.8 – 11.1 - 
Faceted 
10.5-15 4 141 2.8 0.5 – 5.2 - 
15.5-20 4 171 2.3 0.4 – 4.3 - 
20.5-25 3 139 2.2 0 – 4.3 - 
25.5-30 10 85 11.8 6.6 – 16.9 - 
>30 10 145 6.9 3.7 – 10.0 19.1 – 23.5 
Total faceted 31 681 4.6 3.4 – 5.7 - 
Focal 
10.5-15 39 1,130 3.5 2.7 – 4.2 - 
15.5-20 38 565 6.7 5.2 – 8.2 - 
20.5-25 27 289 9.3 6.9 – 11.8 - 
25.5-30 20 122 16.4 11.6 – 21.2 - 
>30 18 123 14.6 10.1 – 19.2 4.8 – 6.2 
Total focal 142 2,229 6.4 5.6 – 7.1 - 
Bipolar 
10.5-15 - 22 0 0 – 7.6 - 
15.5-20 2 50 4.0 0 – 9.1 - 
20.5-25 1 25 
3.4 0 – 10.7 
- 
25.5-30 - 3 - 
>30 - 1 0 – 3.5 
Total bipolar 3 96 3.1 0 – 6.2 - 
 
 
Figure 26  %Flakes 
>30mm in size with 
platform type. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
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Figure 27  %Cortical 
flakes with platform 
type. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
 
 
 
Figure 28  
Platform type 
and size of 
cortical flakes, 
by % frequency. 
Shows 84% 
confidence 
intervals with 
proportion at 
midpoint. 
 
3.3.3.3. Platform types and flake shape 
Complete unmodified silcrete flakes indicate a link between platform types and 
flake shape. Nearly half the flakes with plain platforms are wide in shape (Table 23, 
Figure 29). Flakes with faceted platforms are elongate more often than flakes with 
other platform types (Table 23, Figure 30). Faceted platforms provide a link between 
backed artefacts and elongate flakes.  
 
Table 23  Platforms on wide and elongate complete flakes. 
Platform 
type 
Total 
flakes  
Wide 
flakes  
% Wide 
flakes  
84% 
confidence 
intervals 
Elongate 
flakes  
% Elongate 
flakes  
84% 
confidence 
intervals 
Plain 4,702 2,254 47.9 46.9 – 49.0 273 5.8 5.3 – 6.3 
Faceted 681 61 9.0 7.4 – 10.5 266 39.1 36.4 – 41.7 
Focal 2,229 635 28.5 27.1 – 29.8 417 18.7 17.5 – 19.9 
Bipolar 96 6 6.3 2.4 – 10.1 22 22.9 16.9 – 29.0 
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Figure 29  %Wide 
flakes with platform 
type. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
 
 
Figure 30  %Elongate 
flakes with platform 
type. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
 
3.3.3.4. Flake shape, cortex and size 
Elongate flakes tend to have cortex a little less often than wide flakes (Table 24, Figure 
31), although they tend to be larger in size than wide flakes (Table 24, Figure 32). This 
finding appears contrary to the general pattern of decreasing proportions of cortical 
artefacts with decreasing artefact size.  
Table 24  Flake shape, cortex and flakes >30mm in size.  
Flake 
shape 
Total 
flakes  
Flakes 
with 
cortex 
% Flakes 
with 
cortex  
84% 
confidence 
intervals 
Flakes 
>30mm in 
size 
% Flakes 
>30mm  
84% 
confidence 
intervals 
Wide 4,429 476 10.7 10.1 – 11.4 444 10.0 9.4 – 10.7 
Long 5,201 472 9.1 8.5 – 9.6 796 15.3 14.6 – 16.0 
Elongate 1,248 82 6.6 5.6 – 7.6 285 22.8 21.2 – 24.5 
 
 
Figure 31  Shape of 
cortical flakes. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
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Figure 32  Shape of 
flakes >30mm in size. 
Shows 84% confidence 
intervals with 
proportion at 
midpoint. 
The data can be examined further to elucidate the associations between flake 
shape, size and cortex. Low proportions of flakes less than 20mm in size have 
cortex, regardless of flake shape (Table 25, Figure 33). However, large wide flakes have 
cortex relatively more often than large elongate flakes.  
Table 25  Flake shape, size and cortex. 
Flake Shape Flake size 
(mm) 
Cortical 
flakes 
Total flakes  % Cortical 
flakes  
84% confidence 
intervals 
Wide 
10.5-15 96 1,955 4.7% 4.2 – 5.6 
15.5-20 81 1,032 7.8% 6.7 – 9.0 
20.5-25 91 640 14.2% 12.3 – 16.2 
25.5-30 61 358 17.0% 14.2 – 19.8 
30.5-35 51 196 26.0% 21.6 – 30.4 
>35 96 248 38.7% 34.3 – 43.0 
Total wide - 476 4,429 10.7% 10.1 – 11.4 
Long 
10.5-15 62 1,680 3.7% 3.0 – 4.3 
15.5-20 80 1,257 6.4% 5.4 – 7.3 
20.5-25 80 946 8.5% 7.2 – 9.7 
25.5-30 80 522 15.3% 13.1 – 17.6 
30.5-35 52 335 15.5% 12.7 – 18.3 
>35 118 461 25.6% 22.7 – 28.5 
Total long - 472 5,201 9.1% 8.5 – 9.6 
Elongate 
10.5-15 8 273 2.9% 1.4 – 4.5 
15.5-20 20 296 6.8% 4.6 – 8.9 
20.5-25 11 246 4.5% 2.5 – 6.5 
25.5-30 11 148 7.4% 4.2 – 10.6 
30.5-35 11 117 9.4% 5.4 – 13.4 
>35 21 168 12.5% 8.8 – 16.2 
Total elongate - 82 1,248 6.6% 5.6 – 7.6 
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Figure 33  
Shape and size 
of cortical 
flakes, by % 
frequency. 
Shows 84% 
confidence 
intervals with 
proportion at 
midpoint. 
 
3.3.4  Reduction of silcrete and backed artefact production 
In the introduction to this chapter I mentioned two major components of stone 
technology – 1. A general process of reduction during which large pieces of stone 
were reduced to smaller pieces, and 2. Knapping which included the production of 
particular tool types, shapes or sizes and may have resulted in debitage with 
particular attributes. Silcrete platform types, flake shape, cortex and size can be 
understood by reference to these two components of technology. 
The general process of reduction started with relatively large natural silcrete rocks 
which usually retained cortex. These rocks were reduced by flaking and heat 
shattering into smaller pieces which usually lacked cortex. This reduction tended to 
result in high proportions of flakes with plain platforms and wide flakes. Larger 
flakes with plain platforms and larger wide flakes have cortex relatively more often 
than small flakes. Bipolar flaking was the last stage of the reduction process, 
resulting in small artefacts which rarely retain cortex. 
The second component of technology relates to backed artefact production. Backed 
artefacts are relatively small implements, with most less than 30mm in size. Most 
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lack cortex, which is consistent with their relatively small size, but paucity of cortex 
is also related to the nature of silcrete reduction. Backed artefacts were made on 
flakes with various platform types (including a bipolar flake) but they were made 
most often on flakes with faceted platforms. Higher proportions of faceted 
platforms occur on elongate flakes, providing a link between elongate flakes, 
faceted platforms and backed artefacts. Flakes with faceted platforms, and elongate 
flakes, have cortex less often than flakes with other platform types or other flake 
shapes. This is most notable for larger elongate flakes which have cortex less often 
than larger flakes of other shapes. Similarly, larger flakes with faceted platforms 
have cortex less often than larger flakes with other platform types. Knapping which 
produced larger elongate flakes with faceted platforms was organised such that 
those flakes usually lack cortex. The production of elongate flakes was strategic and 
may not have always conformed to the general process of silcrete reduction. 
Faceted platforms derive from asymmetric flaking. This flaking pattern occurs most 
frequently on cores less than 40mm in size. These cores usually lack cortex, so most 
flakes struck from them would lack cortex. Core flaking associated with backed 
artefact production may have been organised to maximise the length of flakes 
struck from such small cores. This could be achieved by striking flakes from the long 
dimension (axis) of small cores – a proposition which could be tested by future 
analysis. 
This does not mean that backed artefact production relied entirely upon the 
production of elongate flakes or a specialised flaking technology (Hiscock 1993, 
2002b). Backed artefacts were made on flakes with various platform types, not only 
those with faceted platforms. However, backed artefact production was associated 
with asymmetric flaking and elongate flakes sufficiently often to result in the 
artefact associations identified here.  
Some expediency is also shown by the analysis. Flake bodies used as cores tend to 
have plain platforms, indicating that most of these flakes came from earlier stages 
of reduction (as argued for the Hunter Valley, Hiscock 1993; Moore 2000), but a few 
flake core bodies have faceted platforms. That is, a few of the flakes used as cores 
P a g e  | 76 
 
 
had themselves derived from asymmetric flaking. Some expediency is also shown by 
the use of flakes with faceted platforms as tools with retouch and/or usewear, and 
by evidence of re-using older weathered artefacts as cores. Future research may be 
able to identify whether recycling occurred more often at sites in particular 
landscape settings. 
3.4 Correlation of artefact variables between sites 
3.4.1  Introduction 
The artefact analysis conducted above identifies the general process of reduction 
which involved large pieces of silcrete (usually with cortex) being reduced to smaller 
artefacts which often lack cortex, and silcrete reduction associated with backed 
artefact production. This section asks whether these two components are evident 
at the site scale of analysis on the Cumberland Plain. 
A correlation matrix was prepared, which compares the proportions of artefacts at 
each site for any one artefact variable, to the proportions of artefacts at each site 
for every other artefact variable (Table 26). Spearman’s rho correlation was used. 
Correlations significant at the 0.05 probability level are shaded. Signs indicating 
positive or negative correlations are included: a positive ‘+’ sign indicates that the 
proportions of artefacts of the two variables at sites both increase together, while a 
negative correlation indicates that when the proportions of artefacts of one variable 
increase the proportions of the other variable tend to decrease. 
Yellow shading highlights significant correlations which relate to the general process 
of silcrete reduction, being variables related to size, cortex, bipolar artefacts, wide 
flakes, plain platforms and focal platforms. Pink shading highlights variables related 
to core reduction associated with backed artefact production, being the proportions 
of backed MNI, elongate flakes, faceted platforms and negative correlations with 
plain platforms and wide flakes. A high correlation exists between the proportions 
of wide and elongates flakes, because these shapes are two ends of the continuum 
of flake shapes. 
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Table 26  Correlation of artefact proportions at sites. Spearman’s rho and probabilities (p.) 
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+.081 
p.645 
n=35 
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% Bipolar 
artefacts 
+.189 
p.271 
n=26 
+.235 
p.174 
n=35 
- - - - - - - 
% Complete 
>3cm 
+.054 
p.797 
n=25 
- .239 
p.250 
n=25 
- .402 
p.042 
n=26 
- - - - - - 
% Cortical 
artefacts 
- .032 
p.854 
n=36 
- .293 
p.088 
n=35 
- .444 
p.004 
n=40 
+.789 
p<.001 
n=26 
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flakes 
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3.4.2  Correlations relating to the process of silcrete reduction  
Variables relating to the proportions of artefacts more than 30mm in maximum 
size, cortical artefacts, bipolar artefacts, wide flakes and plain and focal platforms 
relate to the progressive reduction of silcrete, from initial procurement through to 
the discard of small artefacts. 
As the proportions of cortical artefacts at sites increase, the proportions of 
complete artefacts more than 30mm in maximum size tend to increase (Figure 34), 
the proportions of wide flakes tend to increase (Figure 35), the proportions of plain 
platforms tend to increase (Figure 36), and the proportions of bipolar artefacts tend 
to decrease (Figure 37). Other correlations between these variables at the inter-site 
scale of analysis are also present but less strongly (Table 26).  
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Figure 34  %Cortical artefacts and % complete 
artefacts >30mm in maximum size. 
Figure 35  %Cortical artefacts and % wide flakes. 
 
  
Figure 36  %Cortical artefacts and % plain 
platforms. 
Figure 37  %Cortical artefacts and % bipolar 
artefacts. 
 
3.4.3  Backed artefacts and correlated variables 
The proportions of backed MNI, elongate flakes and faceted platforms at sites 
correlate positively with each other. These variables relate to the nature of silcrete 
reduction associated with the production of backed artefacts. 
As the proportions of backed MNI increase at sites, the proportions of elongate 
flakes tend to increase (Figure 38) and the proportions of wide flakes tend to 
decrease (Figure 39). The proportions of faceted platforms tend to increase (Figure 40) 
and the proportions of plain platforms tend to decrease (Figure 41). These variables 
also tend to correlate with each other, so as the proportions of elongate flakes 
increase, the proportions of faceted platforms tend to increase, and the proportions 
of plain platforms tend to decrease (Table 26). These correlations at the inter-site 
scale of analysis are consistent with the associations identified at the artefact scale 
0
10
20
30
40
0 5 10 15 20
%
 C
o
m
p
le
te
 >
3
0
m
m
 
% Cortical artefacts 
0
20
40
60
80
0 5 10 15 20
%
 W
id
e
 f
la
ke
s 
% Cortical artefacts 
0
20
40
60
80
0 5 10 15 20
%
 P
la
in
 p
la
tf
o
rm
s 
% Cortical artefacts 
0.0
0.5
1.0
1.5
2.0
0 5 10 15 20
%
 B
ip
o
la
r 
ar
te
fa
ct
s 
% Cortical artefacts 
P a g e  | 79 
 
 
of analysis (section 3.3). Backed artefacts tend to have faceted platforms more 
often than other platform types, and flakes with faceted platforms are often 
elongate. 
 
  
Figure 38  %Backed MNI and % elongate flakes. Figure 39  %Backed MNI and % wide flakes. 
 
  
Figure 40  %Backed MNI and % faceted 
platforms. 
Figure 41  %Backed MNI and % plain platforms. 
 
3.4.4  Discussion 
It is notable that associations identified at the artefact scale of analysis are evident 
at the site scale of analysis. As sites are located in different parts of the landscape, 
the conditions which influenced where people reduced silcrete (the reduction 
continuum) and made backed artefacts (a distinctive artefact type), or where such 
evidence survives (geomorphological processes), may have been related to broader 
landscape factors and site histories (cf. Douglass et al. 2018; Shiner 2008, 2009).  
Broader landscape factors include distance from silcrete sources which may have 
influenced where and how people conducted flaking related to the general process 
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of silcrete reduction. Technological organisation in relation to stream order may 
also have been a factor contributing to the appearance of artefact assemblages. 
Backed artefact production occurred largely within the Late Holocene (chapter 6.0). 
Prior to this research I identified no existing models as to why this technology may 
have been expressed more strongly on some open sites but not others. Below I 
argue that this was due in part to geomorphic processes which affected the phases 
of artefact accumulation (survival) on some sites but not all sites.  
 
P a g e  | 81 
 
 
4.0 The geophysical landscape of the Cumberland Plain 
4.1 Introduction 
This chapter provides a brief description of the physical landscape of the 
Cumberland Plain, information on the distribution of naturally occurring sources of 
artefact stone, and identifies the inter-related nature of landscape variables. 
Geomorphic models and various lines of evidence as to the burial and survival of 
artefacts are considered, and previously identified geomorphic contexts with 
potential to contain artefacts of different ages are briefly described. Climate change 
and its potential effects on artefact survival are also considered. 
4.2 The geophysical landscape 
The Cumberland Plain is an open undulating to hilly landscape located in western 
Sydney, NSW (Plate 1, Plate 14, Plate 15). It is comprised largely of shale and alluvium 
and is distinctive from the surrounding higher, more rugged country on sandstone 
geology (Figure 1). The Cumberland Plain is defined geologically in the north by the 
Hornsby Warp and Hornsby Plateau, to the west and south by the Lapstone 
Structural Complex which forms the eastern face of the Blue Mountains, and in the 
south by the South Coast Warp and Woronora Plateau (Bembrick et al. 1991:8; 
Fergusson et al. 2011).  
The current study is located within the area bounded by the Nepean River on the 
west, the Hawkesbury River on the north, the Georges River and/or rugged 
sandstone country on the south-east and Cattai Creek on the north-east (Figure 2). 
The eastern extent includes Parramatta. The study area measures approximately 
60km north to south and 35km east to west.  
The Cumberland Plain as it appears now, has changed greatly since 1788 when the 
Sydney region was first occupied by Europeans. Changes include altered fire 
regimes, tree clearing, grazing by hard-hooved animals (cattle, sheep, horses), 
agriculture, erosion of streams, construction of dams, roads, farmsteads, railway 
lines, towns, industries and residential suburbs.  
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Plate 14  East Leppington, 2013. Camera facing east towards Bonds Creek.  
 
 
Plate 15  East Leppington site EL/3, 2013. Camera facing north-east.  
4.2.1  Geology 
Geological formations on the Cumberland Plain have been mapped at 1:100,000 
scale and described (Clark and Jones 1991; Herbert and West 1983; Smith 1979; 
Smith and Clark 1991; Stroud et al. 1985). However, archaeological and associated 
geomorphological studies have often found that the existing information is not 
always accurate at the smaller scales relevant to archaeological sites (e.g. Mitchell 
2005a, 2005b, 2006a, 2008, 2010a). The regolith (unconsolidated sediments and/or 
soils, Barham 2007) comprising or overlying the geological formations has been 
subject to various geomorphological processes which have important implications 
for the burial and survival of stone artefacts.  
Generally, the Cumberland Plain is located on shale of the Wianamatta Formation 
(Figure 42). This is fine-grained but includes occasional thin lenses of sandstone. 
Other geological formations are also present (Clark and Jones 1991). Hawkesbury 
Sandstone occurs on the north-east, south-east and western margins of the study 
area (and beyond). On the margins of the Cumberland Plain this outcrops as 
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platforms and low sandstone benches up to c.1m high. Rock shelters do not occur, 
but sandy deposits on lower slopes on sandstone geology can contain roughly 
stratified archaeological deposits (e.g. site RH/CC2 in JMcD CHM 2005a). 
 
Figure 42  Surface geology of the Cumberland Plain. 
Compiled from geological mapping by Clark and Jones 1991; Herbert and West 1983; Stroud et al. 
1985, modified by information in Appendix 6 and numerous archaeological reports. 
Various volcanics intruded the study area in the Jurassic and/or Cretaceous periods 
(Clark and Jones 1991). These intrusions occur within a zone c.15km wide across the 
centre of the study area (Brownlow et al. 1991:57). They are prefixed Jv, Jvs and Jp 
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on the Penrith geological sheet (Clark and Jones 1991). More than 20 diatremes and 
dykes also occur. They cover only small areas and may have contributed locally 
richer soil which could have influenced vegetation communities (Benson and Howell 
1990:80). There is little evidence that the basalt, dolerite and picrite from volcanic 
outcrops was used for artefacts (Corkill 2005), although xenolith pebbles may have 
been (see section 4.3.3). 
Silcrete occurs in the St Marys Formation and/or deposits derived from this. Silcrete 
has a patchy distribution on the northern part of the Cumberland Plain. As most 
artefacts in this region are of silcrete the distribution of this rock type is discussed in 
more detail below (section 4.3.1).  
Several stony, sandy and clay deposits of varying age are associated with the major 
rivers flowing through the margins of the study area. The Rickabys Creek Gravel and 
Londonderry Clay in the north-west part of the study area may have been deposited 
by a palaeo-Nepean River, possibly during the Tertiary (Carter 2011; Clark and Jones 
1991; Fergusson et al. 2011). The Rickabys Creek Gravel is a potential source for 
lithic raw materials (see below sections 4.3.2 and 4.3.3). Alluvium of varying ages, 
and sand bodies which may have been subsequently reworked by aeolian 
processes, are associated with the Hawkesbury, Georges and Parramatta Rivers 
(section 4.5.8). The Pitt Town and Parramatta Sand bodies are known to contain 
substantial stratified archaeological deposits and are regionally significant (e.g. 
JMcD CHM 2005c, 2005e; Williams et al. 2012, 2014).  
Alluvium derived from Wianamatta shale occurs along most streams of 2nd order 
and higher (see below section 4.2.3). Several archaeological projects are seeking 
age determinations for this alluvium.  
4.2.2  Topography 
The Cumberland Plain is not a plain as such, although the northern and eastern 
parts of the study area are more undulating than much of the southern and central 
parts (Figure 2). High areas on the western edge of the study area are part of the 
Lapstone Structural Complex (cf. Figure 1). High areas in the south-east were 
elevated by the South Coast Warp.  
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Mount Annan in the south is one of the higher peaks in the study area, rising to 
190m AHD (above height datum). From Mount Annan two ridges run northwards. 
One ridge trends north-north-east, forming the Scenic Hills and Cecil Hills and 
separating the catchment of South Creek from streams draining eastward into the 
Georges River and Parramatta River. From Mount Annan, a second major ridge line 
trends north-north-west, through Cobbitty and northwards to Orchard Hill. This 
ridge separates the catchment of South Creek from that of the Nepean River. 
The northern part of the study area is relatively low-lying, with much land below 
50m AHD. This area contains several geological formations laid down by various 
palaeo-streams of the Nepean and Hawkesbury Rivers (Figure 42).  
As part of this study three topographical variables were recorded for each site. 
Elevation is the height of each site above height datum (AHD, approximately current 
sea level). Elevation is based on maps in site reports. Most sites extend across areas 
which vary in elevation, so the elevation used here is that at which the largest 
sample of artefacts was excavated. Grade is the slope or gradient of the land 
surface at each site. This was calculated as change in elevation divided by the length 
of the site, to give a percentage value. Where the grade varies across a site the 
grade given here is that at which the largest samples of artefacts were excavated. 
Valley position is the location of a site within a valley (Figure 43).  
 
Figure 43  Valley position. 
Ridges, upper slopes, mid slopes and lower slopes are positions underlain by shale 
or sandstone geology. Terraces are elevated alluvial landforms which may not flood 
frequently (cf. Speight 1998:33). Flats (floodplains) are lower alluvial landforms 
which are inundated by floods.  
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4.2.3  Stream order 
Many streams in the region were probably of chain-of-ponds form (Bannerman 
1987; Gallagher 1984). Some streams in the northern part of the study area were so 
named, including Killarney Chain-of-Ponds, First Ponds Creek and Second Ponds 
Creek. This accords with a few historic reports of ponds along streams (Phillip 
1788:133-134; Tench 1793[1998] 26 June 1789; White 1790[2001] 24 Apr 1788). 
Many streams would have had small, ephemeral to permanent water bodies which 
may have supported diverse aquatic plants and fauna, as well as providing drinking 
water. White (1790[2001] 24 Apr 1788) noted a larger stream in a ‘chasm’ implying 
that other stream forms may also have been present. 
The nature of surface water flow in the study area has probably been greatly 
altered by the construction of numerous dams, stream channelization and modern 
land use. Stream order is used in this study to classify water supply (Figure 44), as in 
previous studies (McDonald 1996; McDonald and Mitchell 1994; White and 
McDonald 2010). The stream order method identifies the headwater tributary 
stream as 1st order, two 1st order streams join to form a 2nd order stream, two 2nd 
order streams join to form a 3rd order stream, and so on (cf. Shreve 1966; Strahler 
1957). The addition of smaller streams with larger streams (e.g. a 1st and a 3rd order) 
does not alter the classification of the 3rd order stream.  
 
 Figure 44  Stream order. 
Stream order was mapped from 1:25,000 scale topographic sheets, indicated by 
mapped streams and by the shape of contour lines where streams were not 
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mapped. Visits to sites coupled with inspection of air photos (Google Earth) assisted 
the identification of stream order. Some of the identifications here differ from those 
given in the original archaeological reports, but the method here ensures that all 
stream segments were identified. 
4.2.4  Vegetation and edible plant species 
Much of the original vegetation on the Cumberland Plain was cleared during the 
historic period. However, several studies of remnant and re-established native 
vegetation on the Cumberland Plain have been carried out (e.g. Benson 1979, 1981, 
1992; Benson and Howell 1990, 2002; Benson and Redpath 1997; NPWS 2002a; 
Tozer 2003; Watson 2005). NPWS (2002b-2002j; Tozer 2003) mapped existing 
vegetation at 1:25,000 scale. Twenty-four vegetation communities occur on the 
Cumberland Plain and its margins (Table 27; NPWS 2002a; Tozer 2003). The 
composition and location of communities are influenced by underlying geology, 
topography and rainfall. The distance of archaeological sites from each vegetation 
community (as mapped by NPWS 2002b-2002j) was measured for this study.  
Vegetation communities could potentially have included differing plant foods, 
although assessing this is not an easy task for several reasons (Attenbrow 
2010a:41,76-77): 
 Vegetation surveys may identify the species represented by above-ground 
plants but other species may be present but as below-ground seeds or tubers 
(Benson and Howell 2002), 
 Vegetation surveys conducted at different times (different years, decades) 
report different species (Benson and Howell 2002), 
 Species composition may be affected by fire frequency (Watson 2005), 
 Species composition may have changed over time as a result of modern land use 
and/or prior climate change,  
 The abundance of edible plant species may not be known or may have varied, 
 Information on which plant species are edible is incomplete (cf. CERES n.d.; 
Francis 2011; Kohen and Downing 1992; Low 1989; Maslin et al. 1998; MRCCC 
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n.d.; Stewart and Percival 1997), and some toxic species may have been 
rendered edible by processing (e.g. Macrozamia spp.). 
 
Table 27  Vegetation communities on the Cumberland Plain or within 2km of sites. 
Code Name Distribution 
1 
Shale Sandstone 
Transition Forest 
Middle or upper slopes on shale in proximity to sandstone, Low 
Sandstone Influence 
2 
Shale Sandstone 
Transition Forest 
On shale within 400m of sandstone and on Mittagong 
Formation. High Sandstone Influence 
3 
Cooks River/Castlereagh 
Ironbark Forest 
On clay soils from Tertiary Alluvium and adjacent shale soils 
and shale soils with high iron gravels 
103 
Shale Gravel Transition 
Forest 
Where shallow Tertiary Alluvium overlies shale and other 
geologies where iron gravel is concentrated 
4 
Castlereagh Swamp 
Woodland 
In poorly drained depressions on Tertiary Alluvium and 
adjacent shale with strong influence from Tertiary Alluvium 
6 
Castlereagh Scribbly 
Gum Woodland 
On Tertiary Alluvium and occasionally on adjoining shale and 
Holocene alluvium 
8 Agnes Banks Woodland On small areas of sand dunes at Agnes Banks 
9 
Shale Hills Woodland On shale at higher elevations and steeper slopes, usually on 
southern Cumberland Plain (rarely on alluvium) 
10 
Shale Plains Woodland On shale with gentle slopes at elevations, on well-drained 
higher alluvium, rarely on Tertiary Alluvium 
5 Riparian Woodland In wettest areas of creeks and swamps 
11 
Alluvial Woodland Along or in close proximity to water courses draining soils from 
Wianamatta Shale; on recent alluvium 
12 
Riparian Forest On alluvial banks and terraces immediately adjacent to the 
Hawkesbury-Nepean River 
13 
Western Sydney Dry 
Rainforest 
Highly restricted to sheltered lower slopes and gullies in steep 
topography with higher rainfall and protected from fire 
14 
Moist Shale Woodland Restricted to steep shale topography, usually upper slopes with 
higher rainfall. Fire history may distinguish #13 and #14 
15 
Turpentine Ironbark 
Forest 
On Wianamatta Shale but restricted to the eastern edge of the 
Cumberland Plain where average rainfall exceeds 950mm 
31 
Sandstone Ridgetop 
Woodland 
On sandstone ridgetops and occasional lower slopes around 
margin of Cumberland Plain and beyond 
32 
Upper Georges River 
Sandstone Woodland 
Restricted distribution, largely near Georges River on upper 
slopes and ridges on the Mittagong Formation but also other 
sandy geologies with shale influence 
33 
Western Sandstone 
Gully Forest 
Restricted distribution on lower slopes of sandstone gullies on 
the western side of the Woronora Plateau 
34 
Mangrove/Saltmarsh 
Complex 
Within the study area this is restricted to the lower Parramatta 
River and Georges River 
35 Riparian Scrub Within the study area this is restricted to the Georges River 
36 Freshwater Wetlands Wetlands in Quaternary alluvium 
37 
Elderslie Banksia Scrub 
Forest 
Sandy deposits associated with high level alluvium (Tertiary 
age?) near Spring Farm 
43 
Turpentine Ironbark 
Margin Forest 
On Cumberland Plain margin in proximity to sandstone/shale 
boundary and adjoining #15 
67 
Vegetation of Volcanic 
Substrates 
Areas of richer regolith associated with volcanic outcrops 
Based on NPWS 2002a, 2002g, 2011; Tozer 2003; Benson and Howell 1990; Benson 1992. 
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Additionally, analysis below (section 4.4) indicates that the association of sites with 
vegetation communities cannot be disentangled from the association of sites with 
other aspects of the physical landscape. It is not possible to distinguish food 
resource models from some other archaeological models using the sites in the 
current study.  
4.3 Stone sources on the Cumberland Plain 
This section summarises available information on the natural locations of silcrete, 
IMSTC (indurated mudstone/silicified tuff/chert) and quartz on the Cumberland 
Plain. Artefacts of other rock types occur in assemblages, including silicified wood, 
quartzite, igneous and metamorphic rocks but these are numerically infrequent in 
assemblages and are not part of the current research. 
4.3.1  Potential silcrete sources on the Cumberland Plain 
Silcrete occurs naturally as boulders, cobbles, pebbles and weathered nodules. It is 
generally medium to fine grained, but often flawed (Doelman et al. 2015). It occurs 
in the St Marys Formation and in sediments eroded from that formation (Figure 45, 
Appendix 6, Table A183; Corkill 1999). Research into the nature and/or distribution of 
silcrete in the region has been conducted by several researchers (Bell 1967; Byrnes 
1982a, 1982b; Clark and Jones 1991; Corkill 1999; Doelman et al. 2015; Kohen 1986; 
Smith 1979). The presence of silcrete and occasional assessment of Aboriginal 
quarrying activities have been reported in various consulting reports (e.g. AECOM 
2010; Austral Archaeology 2005; Dallas 1981; ERM 2006; GML Heritage 2013b; 
GML+JMcD CHM 2014a; JMcD CHM 1997b, 2001, 2005a, 2005b, 2006a, 2006b, 
2007b; Steele 2001). 
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Figure 45  Known locations with naturally occurring silcrete. 
Base map drawn by the author from compiled 1:25,000 scale topographic map sheets. 
 
The St Marys Formation is an ancient alluvial deposit which is now exposed on 
ridges, upper and lower slopes. It includes silcrete, silicified wood, quartzite, quartz, 
other fine grained siliceous rock types, siliceous sandstone, shale and ferricrete (as 
clasts and pisolites) in a mottled sandy clay matrix which was variously laterized 
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after deposition (Smith and Clark 1991:29-30; Corkill 1999:56; Doelman et al. 2015). 
It has been argued that the angularity of some clasts and large size of some silcrete 
boulders indicate that rocks were not transported far from their original sources 
(Smith and Clark 1991:29-32; Doelman et al. 2015). The St Marys Formation does 
not contain rocks derived from the Lachlan Fold Belt located west of the Blue 
Mountains (Etheridge 1980:16; Smith and Clark 1991:31), so it may have been 
deposited by streams which flowed from the north and/or east (Graham et al. 
2010:2; Smith 1979:24). Mitchell (2005a) notes that the proportions of gravel, sand 
and clay differ, and suggests deposition by an ancient low-angle gravel fan.  
The St Marys Formation has been assigned a Late Oligocene to early Miocene age 
(c.28-23 mya) based on the inclusion of ironstone clasts and laterization of the 
deposits, but this age is not certain (Corkill 1999:56; Mitchell 2005a; Smith and Clark 
1991:29-32; Young et al. 1987). The Maroota Sands include silcrete boulders (Corkill 
1999:72-73,77) and are capped in places by a basalt flow dated to 45±1mya 
(Graham et al. 2010). If the St Marys Formation is related to the Maroota Sands 
then the basalt suggests a much greater antiquity for the St Marys Formation than 
previously thought. It is known that silcrete can form under basalt, and hence post-
date basalt flows (e.g. Webb et al. 2013) but at Maroota the silcrete boulders 
existed prior to the basalt flow. 
On the Cumberland Plain more than half the known locations with naturally 
occurring silcrete were reported by Corkill (1999). The known distribution reflects a 
combination of remnants of the St Marys Formation, silcrete redeposited from 
those remnants and now found on lower slopes and along current streams (Corkill 
1999:72; Smith 1979:40), as well as limitations posed by identification and reporting 
opportunities. Other locations with naturally occurring silcrete could be present. 
All natural silcrete locations on the Cumberland Plain occur at or below c.54m AHD. 
Silcrete is not known to occur within the study area south of Western Road at 
Kemps Creek, except at Moorebank and Holsworthy (Mo/-, H/1 and H/2) east of the 
Georges River (Figure 45). Much of the southern part of the study area may have 
been too high for deposition of silcrete by the ancient stream(s). Silcrete does not 
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appear to be present in the area south of the Hawkesbury River and north of Echo 
Vale – Marsden Park – site ADI/WP1. In this area silcrete may be buried under 
Rickabys Creek Gravel and Londonderry Clay and/or may have been removed by the 
palaeo-Nepean River which deposited those formations. Silcrete has been found in 
a few locations on the Woronora and Hornsby Plateaux at c.110m and 200m AHD. 
These higher elevations indicate that silcrete deposition occurred prior to uplift of 
the plateaux or subsidence of the Cumberland Basin, whichever occurred (Ms Tessa 
Corkill pers. comm.). 
Corkill (1999) investigated the possibility of sourcing silcrete. PIXE-PIGME analysis 
did not group samples from the same locations and grouped a control basalt sample 
with some silcrete samples. Further, texture (grain size, type and shape of 
inclusions) often varies within locations and even within some individual cobbles. 
Corkill concluded that individual artefacts could not be linked to individual silcrete 
sources. The silcrete does not occur as primary outcrops but as alluvial deposits, 
some of which have been redeposited, so mixing cobbles from different locations 
together (Corkill 1999).  
The current study therefore considers the potential effects of distance from silcrete 
sources on the nature of silcrete assemblages by measuring straight-line distance 
from each site to the nearest known silcrete quarry or location. It is acknowledged 
that people probably carried silcrete over more circuitous routes from source to 
discard, but straight-line distance provides a consistent measure for analysis.  
4.3.2  Potential IMSTC sources on the Cumberland Plain 
IMSTC is an acronym for a rock type variously referred to as indurated mudstone, 
silicified tuff or chert. It is a fine grained rock which consists of tuff (volcanic ash) 
which fell into water and/or fell onto land and was washed into water, as well as 
other fine grained ‘mud’ sediments which were also washed into water. The 
sediments were silicified after deposition (Corkill 1999; Fahey 1994; Hughes et al. 
2011; Kuskie and Kamminga 2000). This rock type is sometimes referred to as 
‘mudstone’ which is an incorrect term because mudstone which has not been 
silicified is not suitable for flaked artefact production. 
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IMSTC is the second most frequent artefact raw material type on the Cumberland 
Plain, and the most frequent artefact raw material type prior to c.7,000 calBP 
(section 6.5.1). It occurs naturally in the Nepean River gravels (Kohen 1986:289), the 
gravel component of the Cranebrook Formation and in the Rickabys Creek Gravel. It 
is reported for several specific locations in the northern part of the study area 
(Figure 46, Appendix 6 Table 184). Corkill (1999:79) reported IMSTC at Olympic Village 
near Parramatta River, but she now considers the rock type may be silicified peat 
and that IMSTC does not occur naturally at this location (Corkill pers. comm. June 
2017). IMSTC also occurs in the Blue Mountains along the Grose River (Val 
Attenbrow, pers. comm. March 2017). 
During this study I had intended to investigate whether access to sources of IMSTC 
influenced peoples’ use of silcrete. However, the distribution of sites with distance 
from known locations with IMSTC and silcrete quarries are highly correlated 
(Spearman’s rho=0.959, n=28, p<.001) – because both silcrete and IMSTC tend to 
occur in the northern part of the region. It would not be possible to disentangle the 
effects of distance from sources of IMSTC on peoples’ use of silcrete. 
4.3.3  Potential quartz sources on the Cumberland Plain 
Quartz occurs naturally in the Nepean River gravels, the gravel component of the 
Cranebrook Formation, in the Rickabys Creek Gravel, inconsistently in the St Marys 
Formation, as xenoliths brought to the ground surface by volcanic eruptions 
(Barham 2007:14; Corkill 1999) and perhaps in pebble bands within Hawkesbury 
Sandstone surrounding the Cumberland Plain.  
Specific locations at which quartz pebbles more than 30mm in size have been 
reported are compiled (Figure 47, Appendix 6 Table 185). This distribution includes nine 
locations previously mapped by Corkill (1999:78). Additional locations shown here 
include the Nepean River gravel at Yarramundi (personal observation), gravel in the 
Cranebrook Formation exposed along Peach Tree Creek (Rich 1986:6), Rouse Hill 
site OWR2 (JMcD CHM 2005b), Colebee sites Col/SA21-23 and Col/SA25-26 (JMcD 
CHM 2006a), and Bungarribee site 2 (JMcD CHM 2011).  
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Figure 46  Known locations with naturally occurring IMSTC. 
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Figure 47  Known locations with naturally occurring quartz pebbles >30mm in size. 
Also shown on Figure 47 are three volcanic intrusions Jv17, Jv18 and Jv19 with 
xenoliths. Jv17 and Jv18 are described in the geological literature as having xenolith 
pebbles including quartz (Brownlow et al. 1991:71-72). Site EC3 is adjacent to Jv17 
and a few unworked quartz pebbles up to 45mm in size are present on the site, 
suggesting local availability (JMcD CHM 2006c). Site EP6+7 is adjacent to Jv18 and 
unworked quartz and other pebbles more than 45mm in size are present (JMcD 
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CHM 2008b). Quartz fragments also occur at Oakdale below Jv19 (GML Heritage 
2015). The natural occurrence of large quartz pebbles (30mm-60mm in size) in 
various locations on the northern Cumberland Plain means that the presence of 
quartz artefacts does not automatically mean that quartz, or people using quartz, 
came from other regions, as has been expressed in some consulting studies.  
It was also intended to ask whether proximity to quartz pebbles influenced the 
nature of silcrete use, but the distribution of known locations with large quartz 
pebbles correlates with distance from potential silcrete sources (Spearman’s 
rho=0.823, n=28, p<0.001). Again, it would be difficult to isolate trends relating to 
distance from quartz pebbles from trends relating to distance from silcrete sources.  
4.4 Inter-related landscape variables  
Due to the geophysical nature of the Cumberland Plain, and nature of vegetation 
communities, various aspects of the landscape are interrelated (Table 28). For sites in 
the current study, stream order correlates with valley position, elevation, number 
of vegetation communities and distance from Shale Hills Woodland. Distance from 
Shale Hills Woodland correlates with distance from silcrete quarries. Number of 
vegetation communities correlates with distance from sandstone vegetation 
communities, and weakly with distance from silcrete quarries and stream order. 
Topographically, the Cumberland Plain is higher in the south and slopes towards the 
north and east (Figure 2). Silcrete tends to occur naturally on the northern 
Cumberland Plain below 55m AHD (section 4.3.1). Sites in the current study located 
at higher elevations tend to be distant from quarries (Table 29). Most sites below 
50m AHD are associated with large streams (Table 30). Most sites associated with 
larger streams are located on lower slopes, terraces and flats (Table 31), i.e. within 
the depositional reaches of trunk (higher order) streams. Terraces which result from 
past overbank flooding have gentle grades, whiles slopes have slightly steeper 
grades (Table 32). Most of the sites associated with Shale Hills Woodland are located at or 
above c.50m AHD (Table 33). And about two-thirds of sites associated with Shale Hills 
Woodland are associated with small streams (Table 34). Small streams tend to drain higher 
hilly topography which tends to support Shale Hills Woodland. Sites located within 1km of 
Shale Hills Woodland tend to occur more than 5km from silcrete quarries (Table 35).  
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Table 28  Correlation of landscape variables for sites. Spearman’s rho and probabilities (p.)  
Variables Silcrete 
quarry 
distance 
Stream 
order 
Valley 
position 
Elevation Number of 
vegetation 
communit. 
Shale Hills 
Woodland 
distance 
Stream order 
.072, 
n=40, 
p.657 
- - - - - 
Valley position 
.231, 
n=36, 
p.175 
.405, 
n=36, 
p.014 
- - - - 
Elevation 
.553, 
n=40, 
p<.001 
- .402, 
n=40, 
p.010 
.148, 
n=36, 
p.390 
- - - 
Grade 
.107, 
n=36, 
p.535 
- .227, 
n=36, 
p.183 
- .607, 
n=36, 
p<.001 
.099, 
n=36, 
p.565 
- - 
Number of vegetation 
communities 
.279, 
n=40, 
p.082 
.278, 
n=40, 
p.082 
- .006, 
n=36, 
p.977 
- .123, 
n=40, 
p.449 
- - 
Shale Hills Woodland 
distance 
- .398, 
n=40, 
p.011 
.420, 
n=40, 
p.007 
- .159, 
n=36, 
p.355 
- .820, 
n=40, 
p.<001 
.106, 
n=40, 
p.513 
- 
Sandstone 
communities distance 
- .154, 
n=40, 
p.342 
.115, 
n=40, 
p.479 
.003, 
n=36, 
p.984 
.040, 
n=40, 
p.808 
- .361, 
n=40, 
p.022 
- .030, 
n=40, 
p.853 
Notes to table. Valley position and grade do not include three sites on sand bodies nor a site located 
across multiple valley positions and with varying grades. Pink shading highlights statistically 
significant correlations. 
These associations between stream order, elevation, proximity to Shale Hills 
Woodland, valley position and grade are not independent variables. These variables 
are probably linked via long-term catchment and regional scale geomorphic and 
ecological processes (e.g. Huggett 2011; Lech and Trewin 2013; Murphy 2007; Tozer 
2003). Higher steeper landscapes tend to be vegetated with Shale Hills Woodland 
and are drained by small streams. These kinds of landscapes may tend to be 
erosional with sediments stored for short spans of time. Lower, gently sloping 
landscapes tend to be drained by larger streams and may tend to be depositional 
with sediments stored for longer spans of time. If so, then trends shown by artefact 
distributions may relate to geomorphic processes rather than to Aboriginal 
preferences for certain landscape settings. Hence, archaeological trends relating to 
stream order (McDonald 1996; White and McDonald 2010) may not relate to water 
supply as a resource, but to long-term processes of erosion and deposition of 
sediments which variously remove or bury artefacts. Similarly, any assemblage 
patterns which appear to be associated with Shale Hills Woodland could be related 
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to increased distance from silcrete quarries and to long-term geomorphic processes 
influencing the higher parts of catchments.  
 
Table 29  Elevation of sites and distance from silcrete quarries.  
Elevation (m AHD) Distance from silcrete quarries Total sites 
0.5 – 1.0km 2.0 – 5.2km 5.7 – 25.1 
50 – 98m - 8 14 22 
6 – 46m 4 10 4 18 
Total sites 4 18 18 40 
 
Table 30  Stream order and elevation of sites. 
Stream order Elevation (m AHD) Total sites 
50 – 98m 6 – 46m 
1
st
, 2
nd
  11 5 16 
3
rd
, 4
th
, 5
th
  11 13 24 
Total sites 22 18 40 
 
Table 31  Stream order and valley position of sites. 
Stream order Valley position Total sites 
Ridge + 
upper slope 
Mid 
slope 
Lower 
slope 
Terrace Flat Sand 
body 
1
st
, 2
nd
  2 4 6 2 1 1 16 
3
rd
, 4
th
, 5
th
  - 1 7 9 4 2 23 
Total sites 2 5 13 11 5 3 39 
Note to table. One site is located variously across a lower slope, terrace and flat and is not included.  
 
Table 32  Grade and valley position of sites. 
Grade Valley position Total 
sites Ridge, upper 
or mid slope 
Lower 
slope 
Terrace Flat Sand 
body 
2.0 – 5.6%  (gentle to moderate) 6 9 1 2 2 20 
0.5 – 1.8%  (level to very gentle) 1 4 10 3 1 19 
Total sites 7 13 11 5 3 39 
Note to table. One site is located variously across a lower slope, terrace and flat and is not included.  
 
Table 33  Shale Hills Woodland and elevation.  
Elevation (m AHD) Distance from Shale Hills Woodland Total sites 
≤1km >1km 
50 – 98m 20 2 22 
6 – 46m 5 13 18 
Total sites 25 15 40 
Orange shading contrasts differing elevations of sites with distance from Shale Hills Woodland. 
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Table 34  Shale Hills Woodland and stream order.  
Stream order Distance from Shale Hills Woodland Total sites 
≤1km >1km 
1
st
, 2
nd
 12 4 16 
3
rd
  6 2 8 
4
th
, 5
th
  7 9 16 
Total sites 25 15 40 
 
Table 35  Shale Hills Woodland and distance from silcrete quarries.  
Distance from silcrete quarries Distance from Shale Hills Woodland Total sites 
≤1km >1km 
<5km 9 10 19 
>5km 16 5 21 
Total sites 25 15 40 
Similarly, other variables relating to vegetation communities are also inter-related, 
with implications for the ways that food resource models may be examined. All sites 
in this study located in proximity to sandstone vegetation are associated with five or 
more vegetation communities (Table 36). Number of vegetation communities are 
also weakly correlated (at the 0.10 probability level) with stream order (Table 37). 
Most sites associated with small streams are associated with few vegetation 
communities. And few sites within 5km of quarries are associated with larger 
numbers of vegetation communities (Table 38).  
 
Table 36  Number of vegetation communities and sandstone vegetation within 1km.  
Sandstone vegetation Number of vegetation communities within 1km Total sites 
2 – 4  5 – 7  
≤1km - 8 8 
>1km 25 7 32 
Total sites 25 15 40 
 
Table 37  Number of vegetation communities and stream order.  
Stream order Number of vegetation communities within 1km Total sites 
2 – 4  5 – 7  
1
st
, 2
nd
 13 3 18 
3
rd
  5 3 8 
4
th
, 5
th
  7 9 16 
Total sites 25 15 40 
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Table 38  Number of vegetation communities and distance from silcrete quarries.  
Distance from silcrete 
quarries 
Number of vegetation communities within 1km Total sites 
2 – 4  5 – 7  
<5km 14 5 19 
>5km 11 10 21 
Total sites 25 15 40 
 
4.5 Sediment accumulation and erosion on the Cumberland Plain 
4.5.1  Introduction 
This section considers general geomorphic models and specific evidence from 
various studies which indicate that parts of the Cumberland Plain have probably 
been unstable during the time span of human occupation. Processes affecting 
sediment erosion and accumulation will have also affected artefact accumulations 
and potentially the nature of silcrete artefact assemblages – these effects are 
considered in subsequent chapters. 
4.5.2  Models of sediment accumulation and erosion 
Walker (1960:18) described the undulating Cumberland Plain on Wianamatta Shale 
as having “… well developed, deeply weathered shale soils ...”. This view is 
consistent with a general belief that most Australian soils are strongly weathered 
and relatively old (Chittleborough 1992; Fifield et al. 2010; Murphy 2007:8-9; 
McKenzie et al. 2004:33). Geomorphological investigations in the Rouse Hill 
Development Area also indicated that the landscape was “… largely stable and 
depositional …” (McDonald et al. 1994:262). If the Cumberland Plain landscape is 
stable to aggrading, artefacts on open sites would provide an indication of the 
history of human occupation, unbiased by major phases of erosion. In its historical 
context, promoting this view of a stable to aggrading landscape was pivotal for 
Cumberland Plain archaeology because it explained why the great majority of 
artefacts were buried and that ground surface survey cannot be relied upon to 
characterise the density or nature of artefact assemblages. However, this early view 
of landscape stability contrasts with the views of Hughes et al. (2014) for the Hunter 
Valley, some of which Mitchell (e.g. 2005b, 2010d) applies to the Cumberland Plain. 
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Barham (2007:8) also identifies the potential effects of slope erosion on artefact 
assemblages as an important issue. 
On the Cumberland Plain most artefacts occur in the A horizons of texture contrast 
(duplex) soils (cf. Northcote 1979). These soils typically have a dark A1 loamy topsoil 
which overlies a bleached silty A2 horizon, which overlies a clay B horizon (Plate 16) 
although a bleached horizon is not always present. On hillslopes the B horizon 
usually overlies a C horizon of weathering bedrock, while on alluvium it overlies 
deeper alluvial sediments (cf. Murphy 2007; Rapp and Hill 2006:38-39). 
 
 
Plate 16  Texture-
contrast  (duplex) soil. 
Site ADI/CP3 on 
alluvium. 
 
Buried soil horizons are not commonly reported on the Cumberland Plain; one 
below Prospect Hill is an exception (Hawkins and Walker 1960; Humphreys 2006) as 
are those at sites RH/CC2 and RH/CD7 on lower sandstone slopes (section 5.2.11). 
On the Cumberland Plain stone artefacts usually occur in the A horizons of these 
soils. Artefacts can occur in the upper clayey sediments on alluvium, e.g. at 
Parramatta (Comber in prep.; Stenning 2011) and East Leppington (section 6.4.4). 
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The nature of soils can vary depending on the nature of the parent material, 
availability of water, topography, organisms and time (Murphy 2007). Two general 
models have been proposed to account for the formation of texture contrast soils 
(Phillips 2004, 2007), with implications for artefact burial and the associations of 
artefacts with age determinations on loose charcoal or sediments: pedogenesis 
during which texture contrasts form by natural soil processes, and geogenesis with 
different soil textures being related to deposition of sediments with different 
textures (Hughes et al. 2014; Phillips 2004; Schaetzl and Thompson 2015:458-459). 
A third model is referred to here as sequential deposition. 
4.5.2.1. Pedogenesis model 
In a pedogenesis model, texture contrast soils may form through the combined 
effects of weathering of parent material (e.g. bedrock, alluvium) which provides 
sediments, decomposition of organic matters, movement of particles by 
bioturbation, movement of clay from the A horizon into the B horizon by water, and 
winnowing of clay from the surface layer (Humphreys 1994; McKenzie et al. 
2004:37-39; Phillips 2004). In this model, different soil horizons are not 
chronologically separate layers but form over time through multiple processes. 
Most of the sediments may be the same general age, with ongoing additions from 
organics near the ground surface and from weathering of the parent material 
below. In this model, the deeper and upper parts of the soil profile will be roughly 
the same age. 
Bioturbation can bury and move artefacts in soils (Armour-Chelu and Andrews 
1994; Araujo 2013; Balek 2002; Johnson 1989; Thulman 2012). Most bioturbation 
by earth worms, ants, termites, spiders and roots occurs in the A1 horizon, but some 
also occurs in the A2 horizon (e.g. cicadas), and some is directed to the interface of 
the A2 and clay B horizons (Humphreys 1994; McKenzie et al. 2004, Richards 2009). 
Bioturbation can cause size sorting of rocks and artefacts with depth – it has 
variously been argued that larger artefacts move upwards and smaller artefacts 
move downwards (e.g. Ellis 2000:42; Rich 1993b; Schiffer 1987:126-132; Stockton 
1973) or vice versa (Rapp and Hill 2006:100). With the passage of time, stone 
artefacts (like other rocks in deposits) may tend to be moved to a similar depth so 
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forming stone lines or zones at the base of the A horizon above the B horizon clay 
(Dean-Jones and Mitchell 1993:43; Hewitt and Allen 2010; Hughes et al. 2014; 
Mitchell 2010d; Schaetzl and Thompson 2015:459).  
In this model, artefacts discarded at different times on the ground surface would 
eventually (time span unknown) be buried and be mixed together with other 
natural rocks and charcoal lumps to form stone lines or zones. Artefacts, charcoal 
lumps and natural rocks may be vertically and spatially associated but could be of 
any age.  
4.5.2.2. Geogenesis colluvial model 
An alternative view for the formation of texture contrast soils is that A and B soil 
horizons are different depositional bodies, modified by weathering and soil 
development (Chittleborough 1992; McKenzie et al. 2004; Paton et al. 1995). This 
explanation has been invoked for parts of the Sydney Basin (Bishop et al. 1980) and 
for the Hunter Valley lowlands (Hughes et al. 2014, following Dean-Jones and 
Mitchell 1993).  
In this view, A horizon/unit silts are moved down slopes, forming a separate layer 
over B horizon/unit clays. Downslope movement could occur by rainsplash, sheet 
wash, riling, and the colluvial processes of soil creep, sediment flows or slides 
(Barham 2007:49; Huggett 2011:165-167; Fanning and Holdaway 2001; Murphy 
2007). Hughes et al. (2014), following Dean-Jones and Mitchell (1993) make several 
points relevant to artefact assemblages in the Hunter valley lowlands which may 
also apply to the Cumberland Plain: 
 A horizon deposits may be only c.200 to 3,000 years old (Hughes et al. 2014);  
 Stone artefacts would behave in the same way as other rocks and be subject to 
dispersion, downslope movement, differential burial or exposure by 
bioturbation, and may be incorporated into stone lines or zones at or towards 
the base of the A horizon (Hughes et al. 2014; Mitchell 2010d);  
 Artefacts discarded during the Late Pleistocene or Early Holocene would have 
been removed from slopes by erosion or left as a lag to occur at or just above 
the junction of the A and B horizons (Hughes et al. 2014; Mitchell 2010d); 
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 Open sites on these soils could not be stratified in a chronologically meaningful 
way (Hughes et al. 2014:37; Mitchell 2010d); and 
 Age determinations based on scattered charcoal would not provide age 
determinations for artefacts; hearths would provide the best opportunities for 
dating open sites (ENSR/AECOM 2009:12; Hughes et al. 2014; Mitchell 2010d). 
The geogenesis model is useful for the Cumberland Plain because it incorporates 
downslope colluvial movement of sediments and artefacts, and provides for the 
removal of older artefacts by erosion. This model has been adopted in some 
geomorphological studies on the Cumberland Plain (e.g. Mitchell 2005b, 2010b). As 
it was thought that the deposits would not contain chronologically meaningful 
stratigraphy, many archaeological excavations have been conducted in bulk, with 
the A horizon removed as a single unit to clay. Doing so allows more extensive 
excavation, which recovers larger numbers of artefacts, but it means that the 
applicability of the model has been assumed rather than tested. 
4.5.2.3. Sequential accumulation model 
Some geomorphic contexts on the Cumberland Plain may result from the ongoing 
or phased accumulation of sediments and artefacts, with oldest on the bottom and 
youngest on the top. Some of these contexts have texture contrast soils, and 
evidence that bioturbation has blurred stratigraphy. Such contexts are discussed 
below and potentially include the margins of lower slopes where alluvium and 
colluvium accumulate, alluvial fans, alluvial levees, alluvial terraces subject to rare 
high-level flooding, colluvial slopes with buried soil horizons and possible lag 
deposits (noted above) as well as sand bodies with aeolian reworking, although the 
latter may not form texture contrast soils.  
In the sequential accumulation model, older sediments and older artefacts are 
deeper and younger sediments and younger artefacts occur higher in the deposit, 
subject to pedogenic overprinting. The ages of the encasing sediments may indicate 
something of the ages of the artefacts, depending on the details of sediment and 
artefact accumulation. 
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On the Cumberland Plain a combination of geomorphic processes have probably 
been involved in the accumulation of sediments and burial of artefacts.  
4.5.3  Shale slopes  
4.5.3.1. Rainfall as a geomorphic agent on the Cumberland Plain 
Rainfall is a major factor in soil erosion (Barham 2007; Yang and Yu 2015) and 
potentially affects the survival of artefacts on open sites. 
Four rainfall stations on the Cumberland Plain have records dating from the late 
19th century (Table 39). Rainfall across the region from east to south-west. Rainfall 
also varies annually at Prospect Reservoir from a low of 395mm in 1944 to a high of 
1,900mm in 1950 (Figure 48). Rainfall varies over other time scales: mean rainfall 
from 1895 to 1948 was 766mm/year compared to mean rainfall of 998mm/year 
from 1949 to 1990 – a difference of 232mm/year.  
Table 39  Selected rainfall stations and mean rainfall on the Cumberland Plain. 
Station Station number Elevation 
SHD 
Year 
Opened 
Mean annual 
rainfall (mm) 
Prospect Reservoir 67019 61 m 1887 875.0 
Richmond – UWS Hawkesbury 67021 20 m 1881 801.2 
Bringelly 67015 122 m 1867 768.6 
Camden, Brownlow Hill 68007 61 m 1882 742.7 
Note to table. Data retrieved 8
th
 Feb 2015 from Bureau of Meteorology 
http://www.bom.gov.au/climate/data/ 
Barham (2007:42-46) analysed the temporal distribution of rainfall during the 
historic period. High-magnitude rainfall events (e.g. more than 200mm in 24 hours) 
occurred, and he argued that over a 500 year time span most parts of the 
Cumberland Plain would have received several such events. Barham argues that the 
stability of sediments could be affected by these high magnitude rainfall events and 
their temporal distribution relative to the growing season (Barham 2007:40). The 
cumulative effect of high-magnitude rainfall events over 10,000 years may have led 
to the removal of early artefacts from the Cumberland Plain (Barham 2007:40-51). 
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Figure 48 
Annual 
rainfall at 
Prospect 
Reservoir, 
1867 – 2015. 
 
4.5.3.2. Revised Universal Soil Loss Equation (RUSLE) 
The Revised Universal Soil Loss Equation (RUSLE, Figure 49) predicts the average 
annual soil loss from sheet and rill flow under particular conditions (Lu et al. 2003; 
NSW Government 2004; Yang and Yu 2015). It considers rainfall erosivity, as well as 
soil erodibility, slope/grade, ground cover and soil compaction. Each factor in the 
formula could vary so the predicted soil loss could vary. Simulated soil loss is given 
here for slopes on shale (Table 40). 
Rainfall erosivity (R) may be higher in summer when temperatures are higher, or 
during drier periods. General rainfall erosivity factors have been calculated for 
Richmond rainfall station #67033 (Yang and Yu 2015). The factors are 3,139 
MJ.mm/(ha.h.year) for the period 1961 to 1990 and 2,237 MJ.mm/(ha.h.year) for 
the period 2000 to 2012. These two rainfall erosivity factors are used here to 
indicate possible differences in soil erosion (Table 40). Soil erodibility (K) for the 
Blacktown Soil Landscape on shale geology is ‘moderate’, being 0.02 to 0.04 
(Bannerman and Hazelton 1990:30,106). A value of 0.03 is used in the current 
simulation. Slope length/gradient factor (Ls) is a value read from Table A1 in NSW 
Government (2004). For the first four calculations a grade of 4% over 250m is used, 
and the last two calculations a more gentle grade of 2% over 250m is used. Ground 
cover (C) is based on estimated values from Figure A5 in NSW Government (2004). 
Most examples here use 0.02 for 80% grass cover with 0.05 for c.50% grass cover 
used for examples #2 and #4. The surface condition (P) could vary, from 1.3 for 
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compacted and smooth to 0.8 for loose surface soil to 30cm depth (Table A2 in 
NSW Government 2004). Soils on shale geology would not be loose to 30cm depth, 
but they may not have been highly compact prior to introduction of hard-hooved 
animals. All the examples here use a factor of 1.0. The estimated tonnes per hectare 
per year (A) is converted to mm of soil per year using the estimate of 14/tonnes/ha 
equivalent for 1mm depth of soil (Edwards and Zierholz 2007:47).  
 
 
Figure 49 
RUSLE 
formula. 
 
Table 40  Revised universal soil loss equation (RUSLE) estimates for erosion on shale slopes. 
Example R K Ls C P A=tonnes 
/ha/year 
mm of  
soil/year 
mm of soil/ 
1,000 years 
mm of soil/ 
2,000 years 
1 2,237 0.03 1.65 0.02 1.0 2.215 0.158 158 316 
2 2,237 0.03 1.65 0.05 1.0 5.537 0.395 395 791 
3 3,139 0.03 1.65 0.02 1.0 3.108 0.222 222 444 
4 3,139 0.03 1.65 0.05 1.0 7.769 0.555 555 1,100 
5 2,237 0.03 0.64 0.02 1.0 0.859 0.061 61 123 
6 2,237 0.03 0.64 0.02 1.0 1.205 0.086 86 172 
Using different values for three factors – soil erosivity (R), grade (Ls) and ground 
cover (C) – provide different results over the long time spans potentially relevant to 
archaeology (Table 40). The lowest erosion rate of just 61mm/1,000 years is given for 
low rainfall erosivity, with good vegetation cover on a gentle slope (example #5). At 
this rate it would take 5,000 years to remove 30cm of soil. Increasing the grade of 
the slope to 4% increases the erosion rate to 158mm/1,000 years when all other 
factors are held constant (example #1). At this rate it would take just 2,000 years to 
remove 30cm of soil. Increasing rainfall erosivity and/or decreasing vegetation 
cover could dramatically affect soil erosion rates, resulting variously in the loss of 
222mm/1,000 years, 395 mm/1,000 years or 555 mm/1,000 years (examples #2, #3 
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and #4). In these three scenarios, an entire A horizon soil could potentially be 
removed within 1,000 to 2,000 years or less.  
Erosion estimates using RUSLE could vary widely, depending on site specific 
conditions, human practices such as controlled burning of vegetation and climate 
change which could affect vegetation patterns and rainfall erosivity. Erosion is likely 
to have varied over time, and could potentially have been substantial over the time 
span of human occupation of the Cumberland Plain.  
4.5.3.3. Dam sediment study  
Erskine et al. (2003) conducted a study of sedimentation in modern dams on the 
Cumberland Plain. Clays were usually eroded from catchments and deposited in 
dams, with discrete high-energy events responsible for coarser layers of sediment 
deposition. Two dams were located in lightly grazed woodland/forest areas on 
Ashfield Shale on the north-east Cumberland Plain, being more like 1788 conditions 
than other dams. The two dams were 13 years and 30 years old and drained 
catchments of 33.5ha and 0.7ha respectively. They show sediment yields of 2.1 and 
2.9 tonnes/ha/year respectively (Erskine et al. 2003:129,131-133). 
Allowing 1mm depth of soil is roughly equivalent to 14/tonnes/ha (Edwards and 
Zierholz 2007:47) the dam sediment study suggests that 0.150mm to 0.207mm per 
year (150mm to 210mm per 1,000 years) may have been removed from the 
catchment areas of the two dams. These results are consistent with the RUSLE 
calculations conducted above (Table 40).  
4.5.3.4. Geomorphic investigations in Second Ponds Creek valley  
The potentially dynamic nature of soils on slopes underlain by shale geology in the 
Second Ponds Creek Valley (northern Cumberland Plain) was identified by Barham 
(n.d.:36-37,83-84) who reported three types of regolith: 
a) Shallow rocky soils, <200mm to 300mm thick, overlying clean bedrock (possibly 
Minchinbury Sandstone) with no weathered rock or residual clay, 
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b) Very shallow, 50mm to 120mm thick, sandy silt texture-contrast remnant soils 
overlying truncated unstable clayey subsoils which in turn overlay weathered 
shale bedrock at 350-1,500mm depth, and 
c) Relatively deep, 250mm to 500mm thick, well developed undisturbed sandy silt 
texture-contrast soils which overlay clay which overlay weathered shale bedrock 
at 800-1,600mm depth (Barham 2007:36). 
Type a) suggests that soil and clay had been completely removed from the 
underlying bedrock, too recently for the bedrock to have weathered, then 
sediments from upslope may have been redeposited onto the bedrock (consistent 
with the geogenesis colluvial model, Hughes et al. 2014). Type b) suggests that the 
clay on which A horizon soils formed could have been unstable, potentially leading 
to erosion, land slip or soil creep (cf. Fell 1985). Type c) suggests a stable soil profile 
which may have been of greater antiquity. Together, these profiles indicate 
variation in geomorphic processes on shale slopes in this valley.  
4.5.3.5. Artefact conjoin sets from sites on shale slopes  
Artefact conjoining (refitting) has been carried out for few sites on shale geology. 
Artefact conjoin sets for an upper slope on shale geology at site EC3/1A (Figure 50) 
and an adjacent broad gentle ridge at EC3/2B (Figure 51) show considerable 
horizontal displacement, with some joined artefacts occurring 8 to 10m apart. The 
soil profiles in both locations are generally shallow (average of 160mm and 130mm 
deep). The bleached A2 horizons appear ‘intact’ and both have mottled interfaces 
with the underlying clay (JMcD CHM 2006c:18-22). The apparently ‘intact’ vertical 
nature of the A2 horizon and clay interface is of interest, given the evidence for 
horizontal artefact displacement shown by the conjoin sets. Artefacts may have 
been displaced prior to burial, e.g. by major rainfall events (cf. Barham 2007), or 
sufficiently long ago for soils to develop an intact appearance. 
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Figure 50  EC3/1A – 
Schematic distribution of 
silcrete conjoins. 
Numbers and shading 
indicate numbers of silcrete 
lithics in each 1m square. 
Note that plots of conjoined 
artefacts is schematic 
because artefacts were 
provenanced only to 1m 
squares and their location 
within 1m squares is not 
known (JMcD CHM 2006c). 
 
 
Figure 51  EC3/2B – Schematic distribution of silcrete conjoins. 
Site EP6+7 is located on a very gentle lower slope. Conjoin sets in Area B variously 
show clustered and more dispersed distributions (Figure 52, JMcD CHM 2008b). It is 
possible that some artefacts were dispersed after discard, but artefacts from more 
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recent knapping concentrations were buried with minimal dispersal. That is, 
artefacts may have been dispersed (or not) at different times.  
 
 
Figure 52  EP6+7/1B 
– Schematic 
distribution of 
silcrete conjoins. 
Grey and black 
shading indicate 
larger numbers of 
silcrete artefacts in 
1m squares. Note 
that plots of 
conjoined artefacts is 
schematic because 
artefacts were 
provenanced only to 
1m squares and the 
precise locations of 
conjoined artefacts 
within 1m squares is 
unknown (JMcD CHM 
2006c). 
Conjoining has the potential to provide considerable information on the effects of 
post-discard processes on artefact distributions, both horizontally and vertically 
(e.g. Deschamps and Zilhao 2018; Hofman and Enloe 1992; Lyman 2008; Richardson 
1996, 2010a; Vaquero 2011). A larger number of conjoining studies could provide 
information on the nature of geomorphic processes at individual sites – especially if 
they could be combined with a dating programme and excavations in controlled 
vertical units (section 6.4.4). 
4.5.3.6. Spit excavations at sites on shale slopes  
Excavations in spits (vertical units) have been conducted at seven sites on shale 
slopes in the current study – ADI/WP1, EH2, PH/2+3, RH/KVSTC1, RH/SP13G, 
RH/SP13H and RH/SP22. Three of these sites – ADI/WP1, EH2 and RH/SP13H – show 
evidence for the retention of some older artefacts. These sites are discussed below 
(sections 5.2.3, 5.2.7, 5.2.13). 
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4.5.3.7. Artefact analysis in relation to shale slopes 
Silcrete artefact assemblages from shale slopes are here compared to assemblages 
from alluvium, to assess whether geomorphic processes acting on shale slopes may 
tend to affect the nature of assemblages. Differences between assemblages could 
be related to colluvial versus alluvial processes, and also to differences in grade, as 
slopes tend to have slightly steeper grades than alluvial landforms (Table 32). The 
few sites on sandstone slopes, with sandy soils and occasional rock outcrops, may 
have responded differently to geomorphic processes, as may sites on silcrete 
gravels (stony deposits) and sites on sand bodies with aeolian reworking. Sites in 
these geomorphic settings sites are not included in the analysis here.  
Sites on shale slopes tend to have moderate or high proportions of silcrete MNI, 
while alluvial landforms tend to have low or moderate proportions (Table 41). Sites 
on shale slopes within 5.3km of quarries tend to have higher proportions of 
complete artefacts more than 30mm in size than sites on alluvium (Table 42). Sites 
on shale slopes tend to have moderate or high proportions of backed MNI (Table 43).  
Table 41  %Silcrete MNI at sites on shale slopes or alluvium. 
Shale 
slopes 
versus 
alluvium 
% Silcrete MNI Total 
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45.6 – 
69.4% 
72.4 – 
87.6% 
88.0 – 
99.6% 
Slopes 2 4 6 12 9,572 11,146 85.9 85.4 – 86.3 
Alluvium 9 5 1 15 17,100 22,378 76.4 76.0 – 76.8 
Total 11 9 7 27 26,672 33,524 79.6 79.3 – 79.9 
 
Table 42 %Complete artefacts >30mm, distance from silcrete quarries and quarry distance.  
Does not include sites where 2.5mm or 2mm mesh was used for sieving. 
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4.7 – 
11.5% 
12.4 – 
15.9% 
19.7 – 
29.1% 
2.0 – 
5.3km 
Slopes - 3 1 4 324 2,160 15.0 13.9 – 16.1 
Alluvium 3 1 1 5 408 3,475 11.7 11.0 – 12.5 
5.7 – 
25.1km 
Slopes 1 1 - 2 52 523 9.9 8.1 – 11.8 
Alluvium 2 3 - 5 103 1,019 10.1 8.8 – 11.4 
Total 6 8 2 16 887 7,177 12.4 11.8 – 12.9 
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Table 43  %Backed MNI at sites on shale slopes or alluvium. 
Shale slopes 
versus 
alluvium 
% Backed MNI Total 
sites 
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0 – 
4.0% 
4.4 – 
5.7% 
6.1 – 
9.1% 
Slopes - 3 5 8 569 8,677 6.6 6.2 – 6.9 
Alluvium 5 4 3 12 863 16,584 5.2 5.0 – 5.4 
Totals 5 7 8 20 1,432 25,261 5.7 5.5 – 5.9 
These trends may have come about through the operation of long-term geomorphic 
processes. Geomorphic processes acting on shale slopes may have tended to 
remove older artefacts, leaving higher proportions of backed MNI and silcrete MNI 
on slopes (chapter 6.0). Higher proportions of large artefacts (complete artefacts 
>30mm in maximum size) could have resulted from erosion and removal of small 
artefacts. 
4.5.4  Lower slope colluvium – alluvium interface 
Concave lower slopes at the interface with alluvium have been identified as 
geomorphic contexts with potential to contain roughly stratified deposits (Barham 
2007; Thorne 1985:49). In such locations, colluvium could inter-finger with alluvium, 
providing partially layered deposits (Barham 2007), depending on the effects of 
bioturbation and details of sediment deposition and erosion.  
One site in the current study (site Aus1) is located in this kind of geomorphic 
context and includes evidence for the retention of older artefacts (section 5.2.4; 
Barham 2007; JMcD CHM 2004b).  
Horsley Drive site 2 is located on a lower slope merging into a creek flat. Test 
excavation also identified a possible ”stratified” deposit of deeper older artefacts 
and upper younger artefacts (Haglund and Rawson 2007). 
4.5.5  Alluvium along streams on the Cumberland Plain 
Alluvium has been deposited along most streams on the Cumberland Plain (Clark 
and Jones 1991; Stroud et al. 1985), of 2nd order and higher. Archaeological and 
associated geomorphological studies find that alluvial formations are more common 
and extensive than mapped on the 1:100,000 scale geological and soil map sheets. 
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Previously unmapped alluvium extends for at least 2km along Second Ponds Creek 
(JMcD CHM 2005b:14), and alluvium along Bonds Creek and Bonds Creek South 
(GML Heritage 2016) was not previously mapped (Clark and Jones 1991). Alluvium 
often occurs as relatively narrow bands along valley floors with more extensive 
formations within some confluences and along some larger streams. 
Many streams on the Cumberland Plain now have little erosive power, except in 
times of flood (Smith 1979). However, under these conditions ponds can still form 
or fill with sediment, and over longer spans of time relevant to human occupation, 
streams may have undergone cycles of erosion and deposition (Bannerman and 
Hazelton 1990:68-71; Barham 2007:22-23; Smith 1979:20-21,69-70). Much of the 
sediment probably originated from erosion within catchments, but at low elevations 
some alluvium may have been deposited during back-up flooding of the 
Hawkesbury–Nepean River. A major flood in 1867 is the largest on record (Bewsher 
et al. 2013) and inundated sites ADI/CP1, ADI/CP3, possibly ADI/CP4, and Col/SA24 
(cf. PCC 2016). Higher palaeo-floods are known to have occurred during the Late 
Holocene (Saynor and Erskine 1993). Sites adjacent to the Nepean and Hawkesbury 
Rivers or at low elevations along tributary streams, may have been affected by 
sediment erosion or deposition during such floods. 
The relative and absolute ages of alluvial landforms is of archaeological interest, 
because young landforms would have only recent artefact assemblages, barring 
redeposition of older artefacts onto low-lying alluvial flats. Older alluvial landforms 
have the potential to contain artefacts of different ages, depending on individual 
histories of occupation, sediment deposition and erosion. The following studies 
indicate the potential of alluvial landforms to provide assemblages of different ages 
on the Cumberland Plain. The potential of alluvial fans and overlapping fluvial 
terraces to contain older artefacts has been noted previously (Dean-Jones and 
Mitchell 1993:39; Rapp and Hill 2006:70-78). 
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4.5.5.1. Alluvial fan at PK/CD1/ii 
At PK/CD1/ii an alluvial fan formed at the outlet of a lower tributary of Caddies 
Creek (Figure 3). Test excavation identified a deposit containing variation in artefact 
raw material proportions with depth (Rawson 1993; Rich 1993a). Quartz artefacts 
are most frequent in spit 1, consistent with increased use of quartz during the most 
recent phase (section 6.5.3). Testing and excavation elsewhere on the alluvium, but 
away from the alluvial fan, did not identify any other changes in raw material 
proportions with depth (Rich 1993a; Balme et al. 2001:30). 
4.5.5.2. Alluvial levee at RH/CD12 
A small test excavation was conducted on a small levee adjacent to Caddies Creek at 
site RH/CD12 (Figure 3). A small sample of artefacts indicates a higher proportion of 
IMSTC below 40cm depth (McDonald and Rich 1993a). No age determinations were 
obtained but the levee probably contains a sequentially accumulated deposit, 
partially overprinted by bioturbation. 
4.5.5.3. Alluvial terrace on infilled ponds RH/SP12South, The Ponds 
Site RH/SP12south (noted above section 2.4.3, Figure 2, JMcD CHM 2005b) has 
shallow A horizon soils only 15cm to 25cm thick, and no evidence for sequential 
artefact deposition or change over time was identified. The eroded creek bank 
provided vertical sections, giving a cross section through the deposits and revealing 
former ponds infilled with grey sediments – the subsurface architecture of the 
terrace, sensu Barham (2007). Charcoal from pond infill dated to the Early Holocene 
8,536±53 BP Wk-(16231) 9,595–9,443 calBP. All age determinations from the A 
horizon soils developed on top of the terrace and containing artefacts are less than 
c.3,700 calBP (Table 44, JMcD CHM 2005b:40-45,71-81). Information on the 
formation of the terrace and the age determinations provide a maximum age of 
c.4,000 calBP for the artefact assemblage. This is one of the most securely dated 
assemblages in this study and indicates the potential of alluvial landforms to 
provide assemblages which accumulated over knowable time spans. 
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Table 44  Radio-carbon age determinations obtained for RH/SP12South. 
Site Age Provenance Comments Reference 
RH/SP12sth 
337±37 BP (Wk-16226) 
470 - 290 calBP 
Square 051E 
677N, 10-
12cm/spit 3 
A+B+C 
In situ near basal, 
c.2m from Wk-
16227 
JMcD CHM 
2005b Vol 
1:67-81 
RH/SP12sth 
347±44 BP (Wk-16228) 
490 - 300 calBP 
Square 049E 
675N, spit 3/9-
11cm 
In situ near basal 
JMcD CHM 
2005b Vol 
1:67-81 
RH/SP12sth 
592±38 BP (Wk-16230) 
570 - 500 calBP 
Square 036E 
669N, spit 3/13-
15cm A+B 
In situ lowest level 
charcoal 
JMcD CHM 
2005b Vol 
1:67-81 
SPC5 
650±100 BP (SUA-2239) 
775 - 505 calBP 
Square C1 spit 6 
Charcoal plentiful 
throughout deposit 
Kohen 
1986:203-204 
RH/SP12sth 
3,010±39 BP (Wk-
16229) 3,270 - 2,990 
calBP 
Square 037E 
674N, C3/18-
20cm 
In situ lowest level 
charcoal 
JMcD CHM 
2005b Vol 
1:67-81 
RH/SP12sth 
3,351±40 BP (Wk-
16227) 3,640 - 3,440 
calBP 
Square 051E 
675N, 11cm/A 
In situ on edge of 
cobble, c.2m from 
Wk-16226. 
Minimum age for 
silcrete cobble 
manuport 
JMcD CHM 
2005b Vol 
1:67-81 
RH/SP12sth 
8,536±53 BP (Wk-
16231) 9,550 - 9430 
calBP 
PD/003 
Large charcoal 
from pond infill  
JMcD CHM 
2005b Vol 
1:67-82 
 
4.5.5.4. Multiple alluvial landforms, Eastern Creek 
Eastern Creek is one of the major streams on the Cumberland Plain, and its lower 
reaches have multiple alluvial formations (Barham 2007; Smith 1979:69-70; Walker 
and Hawkins 1957). These landforms may have formed from deposition of 
sediments eroded from within the Eastern Creek catchment, and downstream 
sections may have received sediment from back-up flooding of the Hawkesbury 
River (Barham 2007:62). 
Archaeological test excavation at Power Street Bridge (site PSB, Figure 3), identified 
three alluvial formations. A low flat less than 1m above the then water level 
contained plastic at 30cm depth, indicating sediment deposition in the recent 
historic period (McDonald 1993a:4). On the opposite side of the creek there was a 
higher formation, about 2m above the water level, and another terrace at a higher 
elevation (McDonald 1993a:4). Artefacts were found within the 2m landform. They 
occurred at 50-65cm depth in two pits and at 25cm to 45cm depth in Pit F8. An AMS 
age determination for charcoal from 40cm depth (Pit F8 base of spit 8) was dated to 
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5,957±74BP (NZA-3112) 6,994–6,635 calBP (McDonald 1993a:26-27; Attenbrow 
2010a:18). Glass was also found in Pit F8 at 15-20cm depth (McDonald 1993a:17-
18,26). The age determination, silcrete artefacts, glass and their varied vertical 
distributions suggest sequential sediment deposition on the 2m landform during the 
Holocene. 
Colebee site Col/SA24 (Figure 2) is located about 3.5km north of Power Street Bridge. 
Col/SA24 is on a low levee between Eastern Creek and a palaeo-channel, and about 
1km from a silcrete quarry on Plumpton Ridge (JMcD CHM 2006a). The levee at 
Col/SA24 is about 1.5m to 2.5m above the water level of Eastern Creek – a similar 
elevation to the 2m landform at Power Street Bridge. The levee may have received 
sediment from back-up flooding of the Hawkesbury River in 1867. Two soil units are 
present (JMcD CHM 2006a Vol 2:160-161). Area B (but not Area C) contains a higher 
proportion of IMSTC artefacts in the deeper deposit (section 5.2.6; JMcD CHM 
2006a Vol 2:196), suggesting that at least part of the levee and artefacts therein 
were deposited prior to the mid-Holocene (see section 6.5.1).  
A test excavation was recently conducted on an alluvial levee on the east side of 
Eastern Creek (AHMS 2017) just north of the levee at Col/SA24. Two test pits 
indicate a deposit c.90cm deep. Two OSL age determinations were obtained for pit 
H28 (Table 45). OSL#3 was obtained for spits 3 to 4 where the highest artefact counts 
occurred (15 of 37 cultural lithics), and dates approximately to the beginning of the 
Late Holocene. OSL#4 was obtained just below spit 5, below the lowest artefact and 
dates to the end of the Late Pleistocene (AHMS 2017:106-108).  
 
Table 45  OSL age determinations obtained for Schofields Aerodrome test pit H28. 
Site Age Provenance Comments Reference 
Schofields 
Aerodrome 
H28 
6.1±0.5 ka (GL-13009) 
c. 6,600 – 5,600 BP 
Square H28, 
c.29cm, OSL#3 
Associated with 
highest artefact 
count 
AHMS 
2017:106-108 
Schofields 
Aerodrome 
H28 
14±1 ka (GL-13010) 
c. 15,000 – 13,000 BP 
Square H28, 
c.53cm, OSL#4 
Just below deepest 
artefact  
AHMS 
2017:106-108 
 
The levee may have formed by sequential sediment deposition, and the deposit 
overprinted by soil formation (photos in AHMS 2017:103). The age determinations 
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are generally consistent with the vertical distribution of artefacts in the levee at 
Col/SA24/Area B; but it is not known if or how the OSL age determinations have 
been affected by bioturbation. A larger number of artefacts would be needed to 
characterise the nature of the assemblage, its vertical distribution and association 
with the sediments and age determinations (as for site EL/3D, section 6.4.4). 
The combined evidence indicates that multiple alluvial deposits, including levees, 
formed along Eastern Creek and at least some contain artefact assemblages. At 
least one location has evidence for change over time in an artefact assemblage, 
suggesting the possibility of roughly stratified archaeological deposits in some 
locations. 
4.5.6  Sandstone slopes  
Slopes underlain by sandstone geology occur only on the margins of the 
Cumberland Plain. However, at least four sites on sandstone slopes in the Rouse Hill 
district have roughly stratified deposits and/or retain older artefacts. Sites RH/CC2 
and RH/CD7 are discussed below (sections 5.2.10 and 5.2.11, Figure 2). Both sites 
have older A horizon soils containing higher proportions of IMSTC artefacts, buried 
below upper A horizons containing higher proportions of silcrete artefacts. The 
presence of buried soil horizons suggests a phase of environmental stability during 
which the colluvial deposits were modified by pedogenesis. This may have been 
followed by a phase of environmental instability during which additional sediments 
were deposited on the older soils, followed by a phase of environmental stability 
during which the younger deposits were modified by pedogenesis. It is not known 
whether the artefacts were discarded at the same time as the sediments, or 
whether they were discarded onto land surfaces during the phases of stability, and 
then incorporated into the A horizon soils. Conjoining of artefacts could potentially 
address this issue. No age determinations for the buried deposits were obtained. 
4.5.6.1. Sandstone slope site RH/SC4 
Site RH/SC4 may also have a stratified deposit (Figure 3). This site is located on a mid 
to lower slope on Hawkesbury Sandstone, with Wianamatta Shale higher up the 
slope. A small-scale test excavation was conducted in 1993. Slope wash was 
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identified as a dominant process in the formation of the A horizon soils (Haglund 
1993:13-15). A test excavation of 22 trenches sampled a total of 6.1m2 of deposit. A 
small sample of lithics was recovered which had increased IMSTC lithics in deeper 
spits and increased silcrete lithics in upper spits (Haglund 1993; McDonald and Rich 
1993b). 
4.5.6.2. Sandstone slope site RH/SC5 
Site RH/SC5 is located on a sandstone lower slope, also with a shale slope above 
(Figure 3, JMcD CHM 2002b). Excavation revealed a low sandstone bench, which had 
been buried by colluvial deposits. The sandstone bench would have been prominent 
when the site was first occupied, but would have become less obtrusive over time 
as colluvium accumulated at the base of the bench (JMcD CHM 2002b:32-39). 
The colluvial deposits were described and interpreted by Tony Barham (JMcD CHM 
2002b). Coarse gravels were moved downslope and deposited on and below sloping 
bedrock. This unit was overlain by sandy gravels which fined upwards to form a 
sandy deposit with few gravels. In turn, this was overlain by a dark grey-brown 
humic horizon which included some shale sediments derived from upslope (JMcD 
CHM 2002b:32-39).  
The artefact assemblage from this excavation area is predominantly of IMSTC and 
similar to other Pre-Bondaian IMSTC assemblages (JMcD CHM 2002b). Initial 
occupation may have focussed on the then obtrusive sandstone outcrop and 
artefacts subsequently redeposited by colluvial processes (JMcD CHM 2002b:49-
70). Dispersed testing and surface collection elsewhere on the site identified 
Bondaian assemblages dominated by silcrete (JMcD CHM 2002b:44-49,83-89), 
consistent with more recent occupation of the site. No age determinations for the 
deposit were obtained. 
4.5.7  Colluvium at the foot of the Lapstone Structural Complex 
Large scale colluvial deposits at the foot of the Lapstone Structural Complex have 
been described in general terms and mapped (Figure 42; Clark and Jones 1991; Smith 
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1979:51; Smith and Clark 1991:37). The colluvial deposits are generally ancient but 
include recent colluvial and alluvial sediment redeposition.  
Archaeological site RS1 is located on the foot of the Lapstone Monocline (Figure 3) 
and includes complex colluvial and alluvial deposits. Artefacts are likely to be of 
varying ages in a variety of alluvial fan and colluvial deposits (Koettig and Hughes 
1995; McDonald et al. 1996). The site and its lithic assemblage is also being included 
in parallel doctoral research (Ms Norma Richardson).  
Stratified terrace deposits with artefacts have also been identified further north at 
Jamisons Creek and Lapstone Creek, located west of the Nepean River (Figure 3, 
Kohen 1986:165-184).  
4.5.8  Sand bodies 
Sand bodies are rare in the region but some occur adjacent to major rivers which 
drain sandstone catchments (Figure 42). They may have formed through a 
combination of fluvial deposition and aeolian reworking. One associated with 
Parramatta River has been discussed below (section 5.2.9). 
Sand bodies associated with the Hawkesbury River include Pitt Town site 12 
(Williams et al. 2012, 2014) and the Windsor Museum site (Austral Archaeology 
2011) (Figure 3). These are regionally significant sites, containing substantial Pre-
Bondaian/Phase 1 assemblages. Agnes Banks Sand adjacent to the Nepean River 
(Clark and Jones 1991; Smith 1979:52-55) may also include older artefacts 
(Capertian/Pre-Bondaian artefacts, Kohen 1986:216-218). A sand deposit was 
reported near Marsden Park by Smith (1979:50,55) who gave the following grid 
reference GR 943742, which is converted by Australian Datum Tool to 294405E 
6274390N. “Indistinct dunes” have been reported on the Clarendon Formation on 
the northern Cumberland Plain (Smith and Clark 1991:42-43).  
In the south, sand bodies occur adjacent to the Nepean River at Kirkham, Spring 
Farm, Elderslie and Menangle Park (Figure 42, Stroud et al. 1985). Spring Farm site 
SF-PAD5 (Figure 2) has a silcrete artefact assemblage with backed artefacts but no 
evidence for older occupation (JMcD CHM 2010a). However, a small artefact sample 
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from a sand body at Menangle Park West (site MPW Figure 3) shows vertical change 
in raw material proportions (JMcD CHM 2009c) suggesting the presence of some 
older artefacts. 
An extensive sand body occurs at Moorebank and Wattle Grove within a large bend 
in the Georges River, in the south-east Cumberland Plain (Figure 42, Clark and Jones 
1991). Wattle Grove site WGO3-2 (Figure 2) has an artefact assemblage dominated 
by silcrete with numerous backed artefacts but no evidence for older occupation 
(JMcD CHM 1998). Preliminary test excavation elsewhere at Moorebank did not 
investigate whether evidence of change over time was present (Navin Officer 2014). 
Other sand bodies may be present adjacent to the Hawkesbury, Nepean, Georges 
and Parramatta Rivers. Each sand body should be investigated to determine how 
they formed (e.g. alluvium, aeolian deposits), whether they contain stratified 
deposits and whether artefact assemblages can be dated.  
4.5.9  Survival of charcoal 
If charcoal lumps provide an indication of the rates at which features and objects 
survive on the Cumberland Plain, the distribution of available radiocarbon age 
determinations could indicate something of the survival of charcoal in A horizon 
soils during the Holocene. On the Cumberland Plain 44 radiocarbon age 
determinations have been obtained from A horizon soils on slopes and alluvium, 
with several others from sand bodies (Appendix 7). The charcoal occurs variously as 
cultural features, tree stumps and as loose lumps of charcoal in deposits. As 
charcoal could have survived differently in sand bodies the discussion here is 
concerned mostly with charcoal from slopes and alluvium.  
Most age determinations are less than c.1,200 calBP (n=31), and some are more 
than c.3,000 years old, but only one age determination falls between c.1,200 and 
3,000 calBP (Table 46, Figure 53). As recent materials are more likely to survive than 
older materials (e.g. Hiscock 2008:230-232), a one-sample chi-squared test was run 
comparing the available age determinations against a hypothetical distribution 
(Table 46). The result is statistically significant (chi-squared=16.48, df=3, p=0.001), 
indicating that the paucity of age determinations between 1,200 can 3,000 calBP is 
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unlikely due to random chance. The possibility that sand bodies provide improved 
conditions for charcoal survival is supported by the presence of two age 
determinations from sand bodies within the period 1,200 to 3,000 calBP. 
 
Figure 53  Age determinations on charcoal from A horizon soils or features on the Cumberland 
Plain. 
Based on data given in Appendix 7. 
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Table 46  Summary of radio-carbon age determinations for A horizon soils on slopes and alluvium. 
Time span Shale Alluvium Total age 
determinations 
Hypothetically 
expected distribution 
c.200 – c.1,200 calBP 4 27 31 20 
c.1,200 – c.3,000 calBP - 1 1 12 
c.3,000 – c. 4,850 calBP 4 4 8 7 
c.4,850 – c.7,400 calBP 1 3 4 5 
Total 9 35 44 44 
The results suggest that charcoal lumps were less likely to survive in A horizon soils 
during the period c.1,200 and 3,000 calBP (cf. Hiscock and Attenbrow 2015, 2016). 
The reasons for this are not known. If climate was drier during this period with 
reduced bioturbation then less charcoal may have been incorporated into A horizon 
soils (Simon Harbele, personal communication 15 Oct 2017). Charcoal may have 
been more prone to erosion and removal from A horizon soils during this period. If 
so, surface stone artefacts may also have been affected. 
4.6 Climate change and possible affects on artefact accumulations 
4.6.1  Introduction 
It has been suggested that climate change may have promoted episodes of relative 
stability or erosion of soils (e.g. Murphy 2007). Soil erosion may have been higher 
during drier periods if rain fell on dry ground surfaces with limited vegetation cover 
(cf. RUSLE calculations above, section 4.5.3.2). Climate change could potentially bias 
the archaeological record for, or against, some phases of human history. This is an 
important issue in Australian archaeology because artefact accumulations are often 
interpreted as indicators of human activity, land use strategies or even population 
(Johnson and Brook 2011; also reviews in Attenbrow 2004; Hiscock 2008; Ulm 
2006). If geomorphic processes selectively removed artefacts during some phases 
this could account for reduced artefact densities at different time in some regions. 
The effects of climate change on artefact accumulation has previously received little 
attention on the Cumberland Plain; a comment by Williams et al. (2014) is an 
exception, and Barham (2007:9) raises the possibility.  
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4.6.2  Late Pleistocene climate and sediment accumulation 
A pluvial phase, involving much higher rainfall than now, may have occurred across 
south-east Australia between c.55,000 and 34,000 BP (Nanson et al. 1992; Kemp 
and Spooner 2007). Between c.35 ka and 32 ka the Cumberland Plain may still have 
been wetter than now (Reeves et al. 2013:25).  
Alluvial gravels forming the base of the Cranebrook Formation (aka Cranebrook 
Terrace) were deposited from c.50,000 to c.40,000 years ago. This pluvial phase 
involved river flows much greater than any since that time (Nanson et al. 1987; 
Nanson and Young 1988; Stockton and Nanson 2004). Flaked artefacts at site CT11 
are said to have come from the basal gravel unit (Nanson et al. 1987; Stockton and 
Nanson 2004). At Parramatta a sand body identified as an alluvial deposit includes 
TL age determinations just older than or within the early part of this pluvial phase 
(Mitchell 2010c, section 5.2.9). Artefacts occur in the upper part of the sand body 
(JMcD CHM 2005c) but are not thought to be of this antiquity. Pitt Town site 12-A(2) 
is thought to have been occupied towards then end of this phase (Williams et al. 
2014:744).  
The Early Glacial phase began c.32,000–30,000 years ago (Petherick et al. 2013). 
There may have been increased snow and ice melt along the Great Dividing Range 
during this phase (Petherick et al. 2013:65) and climate may have warmed, prior to 
the Last Glacial Maximum (Reeves et al. 2013). On the Cranebrook Formation 
sediments deposited in this phase are much finer than previously, including TL age 
determinations (taken below obvious bioturbation) of 29.1±1.9 ka (W-4326) and 
24.7±1.9 ka (W-4327, Mitchell 2010b:162). Artefacts are not associated with these 
age determinations (Comber 2010b). 
At Pitt Town 12 there was some aeolian reworking of the pre-existing alluvial sand 
body. It is argued that land surfaces were variously exposed, occupied by people 
and then land surfaces and stone artefacts were buried by dune formation 
(Williams et al. 2014:737). A similar process may have occurred at sand bodies at 
Windsor (Austral Archaeology 2011) and at Parramatta (JMcD CHM 2005c). 
Conjoining of artefacts at Windsor and Pitt Town (Austral Archaeology 2011; 
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Williams et al. 2014) indicate only limited vertical displacement, indicating that 
these sand bodies have sequentially stratified archaeological deposits. A high 
alluvial terrace near the Hawkesbury River is thought to have sediments dating from 
this phase (Chittleborough et al. 1984) although it is not known if artefacts are 
present.  
The Last Glacial Maximum (LGM) c.22,000 to 18,000 BP was a cold and probably 
drier phase (Petherick et al. 2013), sufficiently so for aeolian dunes to develop on 
the Blue Mountains (Hesse et al. 2003). Sea level was c.130m lower than now (Lewis 
et al. 2013:123) and c.20km further east. As rainfall now tends to decrease with 
increasing distance from the coast (Bureau of Meteorology on-line records), the 
effects of reduced rainfall from climate change would have been exaggerated on 
the Cumberland Plain by the increased distance of the ocean. Pollen from a now 
abandoned river channel on the floodplain of the Nepean River at Penrith indicates 
a shrubland with grasses but no evidence of eucalypts, suggesting a cold arid 
climate (Chalson and Martin 2008).  
Murphy (2007) suggests that the cold arid climate led to extensive soil erosion and 
deposition in the Eastern Highlands, although Nanson and Young (1988) and Hughes 
et al. (2014:37) argue that there is little evidence of this in the lowland valleys of the 
Hunter and Nepean Rivers. The Cranebrook Formation shows no evidence of 
change in sediment deposition (Mitchell 2010b). On the Cumberland Plain at East 
Leppington an OSL age determination of 17±1ka (GL-13018) has been obtained for 
the upper part of a larger alluvial landform associated with Bonds Creek (section 
6.4.4, GML Heritage 2016), suggesting that some sediments derived from hillslope 
erosion within the local catchment were deposited during the LGM. 
In Second Ponds Creek valley a minor tributary stream had been eroded to a depth 
of 2.5m below the present ground surface. At least two phases of fill are present 
and of these the upper (at 82-96cm depth) has a minimum age of 11,387±78 BP 
(Wk-16233) 13,370–13,080 calBP. The lower fill is undated (JMcD CHM 2005b, Vol 
1:73,82) but would have been older. It is not known when the channel was eroded 
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but the sequence demonstrates active erosion and deposition during the Late 
Pleistocene, if not during the LGM in particular.  
On the Cranebrook Formation fine sediments continued to accumulate after the 
LGM, including an age determination of 13.7±1 ka (Alpha-2609, Nanson and Young 
1988; Stockton and Holland 1974:65).  
4.6.3  Holocene climate change and sediment accumulation 
The Holocene (after c.12,000 BP) may have had a variable hydro-climate, with 
various wetter and drier phases. Petherick et al. (2013) draw attention to various 
pollen studies in proximity to the Cumberland Plain (Figure 54, Table 47), and these 
studies are revisited here. 
Most wetlands have discontinuous pollen records and/or lack age determinations 
sufficient to define possible changes within the Holocene. Some are located near 
the coast and vegetation patterns could have responded differently to sea level rise 
and subsequent proximity of the ocean and/or mangrove communities. Vegetation 
in or near wetlands on Newnes Plateau at high altitudes and on the western side of 
the Blue Mountains (different climate zone) could also have responded differently 
to climate changes. This leaves six wetlands with sufficient data to consider possible 
variation in rainfall during the Holocene.  
A rough indication of the timing of drier and wetter periods, based on the results of 
pollen analyses, are summarised (Figure 55). The dating of various phases are 
indicative only, due to error ranges inherent in radio-carbon dating, as well as 
variation in the resolution of wetland deposits. Individual wetlands are also likely to 
have been affected by specific geomorphic processes which could have affected the 
incorporation and survival of sediments and pollen.  
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Figure 54  
Locations of 
wetlands 
with analysed 
pollen 
samples. 
 
 
Figure 55  Indications of drier and wetter phases during the Holocene, indicated by wetland pollen. 
Note: Wetlands ordered from north to south. 
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Table 47  Wetlands with analysed pollen samples. 
Wetland Elevation 
(m AHD) 
Region Pollen record and 
Holocene age 
determinations 
Reference 
Burralow Swamp 315 Blue Mountains <1,500 calBP Chalson 1991 
Drillhole Swamp 465 Woronora Not full sequence Young 1982, 1986 
Dry Lake 308 Wollondilly Not full sequence Rose and Martin 2007 
Gooches Crater 960 Newnes Plateau Yes 
Black 2006; Black and 
Mooney 2006 
Ingar Swamp 570 Blue Mountains 
Insufficient age 
determinations 
Chalson 1991 
Jibbon Swamp 7 Coast Yes  Chalson and Martin 2012 
Katoomba 
Swamp 
950 Blue Mountains 
Insufficient age 
determinations 
Chalson 1991 
Kings Tableland 
Swamp 
778 Blue Mountains Yes Chalson 1991 
Kings Waterhole 289 
Wollemi 
National Park 
Yes Black and Mooney 2007 
Kurnell Fen 9 Coast Yes Martin 1994 
Lake Baraba 305 Wollondilly 
Yes. Almost full 
sequence 
Black 2006; Black et al. 2006 
Mill Creek #2 7 
Hawkesbury 
valley, estuarine 
influence 
Incomplete 
sequence 
Dodson and Thom 1992 
Mountain 
Lagoon 
513 Blue Mountains 
Insufficient 
resolution and age 
determinations 
Robbie and Martin 2007 
Newnes Swamp 1,060 Newnes Plateau Yes Chalson 1991 
Notts Swamp 658 Blue Mountains Yes Chalson 1991 
Penrith Lakes 
Swamp 
22 
Cumberland 
Plain 
Incomplete 
sequence and few 
age determinations 
Chalson 1991; Chalson and 
Martin 2008 
Salvation Creek, 
Ku-ring-gai Chase 
144 Coast Yes Kodela and Dodson 1989 
Warrimoo Oval 
Swamp 
188 Blue Mountains Yes Chalson 1991 
Wrights Creek 8-9 
Hawkesbury 
valley, estuarine 
influence 
Insufficient age 
determinations 
Jones and Dodson 1997 
It is generally thought that the Early Holocene was a warmer period with increased 
rainfall (Attenbrow 2004:207; Petherick et al. 2013:69). Two of three wetlands near 
the Cumberland have evidence for a wetter phase prior to c.8,000 calBP (Figure 55, 
Black 2006; Black et al. 2006; Rose and Martin 2007). Increased rainfall during the 
initial Early Holocene could have led to stable well-vegetated catchments, with 
reduced erosion (Cohen and Nanson 2007), depending on the erosivity of the 
rainfall. If so, there may have been a tendency for artefacts discarded during the 
Terminal Pleistocene and initial Early Holocene to be incorporated into A horizon 
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soils and buried, especially on sandstone slopes with less compact soils (perhaps 
sites RH/CC2 and RH/CD7). 
The alluvial levee along Eastern Creek at Schofields Aerodrome (section 4.5.5.4) 
may have accumulated very slowly during the Early Holocene. OSL age 
determinations taken at c.53cm depth and c.29cm (AHMS 2017:106-108) indicate a 
relatively slow deposition rate (c.25mm to 40mm per 1,000 years) if the OSL 
determinations indicate sediment deposition rather than bioturbation (see section 
6.4.3) and baring erosion of sediments from this landform. 
Along Second Ponds Creek, pond infill at RH/SP12South includes charcoal dated to 
9,550–9,430 calBP (Wk-16231). This indicates that the landscape was sufficiently 
stable for ponds to form along the stream, rather than streams forming scoured 
channels. The evidence also indicates some sediment erosion from slopes and 
deposition into stream ponds during the Early Holocene.  
Sand bodies at Parramatta and Pitt Town continued to provide conditions for the 
accumulation and survival of artefacts during the Early Holocene (JMcD CHM 2005c; 
Williams et al. 2012, 2014). 
The wetland pollen samples indicate rainfall may have decreased after c.8,000 calBP 
approaching modern conditions (Figure 55). Three wetlands then indicate wetter 
conditions between c.4,500-3,500 calBP and c.3,000-2,000 calBP (Kings Waterhole, 
Warrimoo Oval Swamp and Notts Swamp). This timing for a wetter phase differs 
from that reported previously (Attenbrow 2004:207). A wetter phase at this time is 
consistent with evidence of high-level flooding of the Nepean River, with one flood 
event associated with an age determination of 3,756±72 BP (NZA-1226) 4,405–
3,921 calBP (Saynor and Erskine 1993).  
At three wetlands the wetter phase was followed by a drier phase after c.2,500-
2,000 calBP. The drier phase continued at two wetlands until c.1,000 calBP 
(Warrimoo Oval and Kings Tableland Swamps) and continues to the present at one 
wetland (Kings Waterhole). A drier phase coincides with a paucity of radio-carbon 
age determinations (and perhaps a paucity of charcoal) between c. 1,200 and 3,000 
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calBP (section 4.5.9). Charcoal may have been vulnerable to erosion from the 
landscape during this drier phase.  
The two wetlands south-west of the Cumberland Plain (Dry Lake and Lake Baraba) 
indicate a wetter phase since c.1,500-2,000 calBP, suggesting a possible spatial shift 
in climate across the region over the past c.2,000 years or so. This is plausible, given 
the location of the Greater Sydney Region in relation to probable shifts in the 
locations of various oceanic fronts which affect climate (Petherick et al. 2013).  
A return to modern conditions over the last c.1,000 years or so (cf. Attenbrow 
2004:108) could have contributed to the current appearance of aggrading soils and 
landscape stability on the Cumberland Plain (e.g. McDonald et al. 1994:262). This 
may have assisted the survival of relatively recent artefacts. 
More research is clearly needed into geomorphic processes and conditions which 
may have affected artefact accumulation on open sites. This includes the effects of 
climate change on artefact survival. There is also a coincidence between a probable 
shift to drier conditions after c.3,000 calBP and the accumulation of deposits and 
artefacts in most rock shelters near the Cumberland Plain (section 6.2.2). Future 
research may also consider the possibility that wetter conditions led to the removal 
of sediments and artefacts from rock shelters in this region. 
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5.0 Artefact accumulation on the Cumberland Plain – raw material 
sequences 
5.1 Introduction 
The previous chapter described aspects of the geophysical landscape of the 
Cumberland Plain and introduced the potential for different geomorphic contexts to 
retain stone artefacts of differing ages. Climate change could also have affected 
artefact survival. This chapter adds stone artefacts to the geophysical landscape 
asking whether any sites retain evidence of change over time. Raw material data 
are analysed here because raw material type is a relatively robust variable and 
change over time in raw material use occurred in the Greater Sydney Region 
(chapter 6.0). 
The vertical distributions of artefacts at open sites are examined, where excavations 
were conducted in spits (vertical units). As noted above most open sites have been 
excavated in bulk, removing the A horizon soils in one unit. Fortunately, spit 
excavations have been conducted at some sites, recovering small artefact samples 
but sufficient to consider the vertical distributions of raw material types in the 
deposits. The locations of the sites discussed here are shown on Figure 2. 
5.2 Vertical distribution of artefact raw materials at sites 
5.2.1  Rossmore site AAS6+6W 
Testing and area excavations were conducted at sites AAS6 and AAS6W on alluvium 
on opposite sides of Kemps Creek at Rossmore (AMC 2014). Four areas have 
sufficient artefacts to investigate their vertical distribution. One area, AAS6W/4 
shows variation in raw material proportions with depth. The excavation at this 
location covers an area of 14m2 (AMC 2014). 
Most artefacts occur in the middle of the A horizon, in units 2 and 3 (Table 48). The 
highest proportion of quartz occurs in unit 1, the highest proportions of IMSTC 
occurs in units 1 and 2, and the highest proportion of silcrete occurs in units 3 and 4 
combined (Table 48, Figure 56). At this location the proportions of silcrete and IMSTC 
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show the opposite trends to those shown by most other distributions analysed 
here. The excavation intercepted an IMSTC knapping concentration, mostly in units 
1 and 2, at which backed artefacts were made (AMC 2014).  
 
Table 48  AAS6W/4 – Vertical distribution of quartz, silcrete and IMSTC artefacts >5mm. 
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Unit 1 12 35 41 - 94 8.3 – 18.9% 32.5 - 47.0% 39.2 - 54.0% 
Unit 2 14 205 206 - 425 2.0 - 4.6% 44.8 - 51.6% 45.1 – 51.9% 
Unit 3 13 144 74 - 231 
3.0 – 7.0% 61.8 - 70.0% 25.2 - 33.1% 
Unit 4 - 28 2 - 30 
 
 
Figure 56  AAS6W/4 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
 
5.2.2  South Creek Central Precinct ADI/CP1, CP3 and CP4 
Testing and area excavations were conducted at several locations on alluvial 
terraces adjacent to South Creek within the former Australian Defence Industries 
(ADI) area (now St Marys Development Site, GML+JMcD CHM in prep.). These 
landforms are below the 1:100 year flood level, were inundated by the 1867 flood 
of the Nepean River (Bewsher et al. 2013; PCC 2016) and probably by earlier high-
level floods during the Late Holocene (Saynor and Erskine 1993). Sediment 
deposition during such floods could have contributed to the relatively deep A 
horizon soils on these landforms.  
Some excavation areas had been disturbed by modern land use, sampled only the 
upper deposits or did not produce sufficient numbers of artefacts for analysis. 
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However, several areas show evidence for variation in raw material proportions 
with depth of deposit (GML+JMcD CHM in prep.).  
At ADI/CP1/OA2 an area of 42m2 was excavated in 10cm spits to 30cm depth and 
9m2 of this was excavated to 40cm depth (GML+JMcD CHM in prep.). Most artefacts 
occur in spits 1 and 2. The highest proportion of IMSTC artefacts occurs below spit 1 
(Table 49, Figure 57). The distribution of IMSTC is statistically significant (chi-
squared=17.2, df=2, p<0.001). Silcrete shows the opposite trend.  
 
Table 49  ADI/CP1/OA2 – Vertical distribution of quartz, silcrete and IMSTC artefacts >5mm. 
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Spits 1 14 139 51 4 208 4.2 – 9.3% 62.3 – 71.4% 20.3 – 28.7% 
Spits 2 14 204 151 11 380 2.2 – 5.1% 50.1 – 57.3% 36.2 – 43.3% 
Spits 3 9 32 33 3 82 
5.9 – 16.1% 32.7 – 47.8% 37.5 – 52.7% 
Spit 4 - 1 4 - 5 
 
 
Figure 57  ADI/CP1/OA2 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
 
At ADI/CP3/OA4 an area of 25m2 was excavated in 10cm spits to 40cm depth and 
12m2 of this was excavated to 60cm depth. OSL age determinations were obtained 
for sediment samples at 20cm, 30cm and 40cm depth (Table 50). The two deeper 
samples give inverted age determinations (GML+JMcD CHM in prep.). Most 
artefacts occur in spit 1 with counts decreasing with increasing depth (Table 51). 
Quartz is most frequent in spit 1 (0-10cm depth), and this vertical distribution is 
statistically significant when deeper spits are combined to provide a larger sample 
size (chi-squared=53.13, df=2, p<0.001, Table 51, Figure 58).  
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Table 50  Age determinations obtained for ADI/CP3 (GML+JMcD CHM in prep.). 
Provenance Method Lab Code Age Comments 
CP3/OA4, #6, 20cm depth OSL GL-15004 4.0 ± 0.2 ka - 
CP3/OA4, #7, 30cm depth OSL GL-15005 8.8 ± 0.6 ka Age determinations are 
inverted CP3/OA4, #8, 40cm depth OSL GL-15006 5.6 ± 0.4 ka 
CP3/OA11, Feature 8 upper 
layer of hearth 
R/C Wk-41851 321 ± 26 BP 447 – 295 calBP 
CP3/OA11, Feature 8 lower 
ashy lens at base of hearth 
R/C Wk-41852 339 ± 25 BP 451 – 302 calBP 
 
Table 51  ADI/CP3/OA4 – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 98 93 23 9 223 39.3 – 48.6% 35.9 – 44.2% 14.4 – 20.9% 
Spit 2 10 67 25 7 109 5.1 – 13.3% 45.9 – 56.3% 27.0 – 36.7% 
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Figure 58  ADI/CP3/OA4 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
 
At ADI/CP3/OA11 an extensive area was excavated in 10cm spits, of which 25m2 
was excavated to a depth of 50cm or more (GML+JMcD CHM in prep). In the deeper 
excavation area the largest number of artefacts occur in spit 1 then counts decrease 
with increasing depth. This is also the case for each raw material type (Table 52). 
However, the proportion of IMSTC is higher in spits 4 to 6 combined (Figure 59) and 
this distribution is statistically significant (chi-squared=12.68, df=3, p=0.005). 
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Table 52  ADI/CP3/OA11 – Vertical distribution of quartz, silcrete and IMSTC artefacts >5mm. 
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Spit 1 21 239 118 14 392 3.7 – 7.0% 57.5 – 64.4% 26.9 – 33.4% 
Spit 2 10 170 94 6 280 1.9 – 5.3% 56.6 – 64.8% 29.6 – 37.5% 
Spit 3 3 88 46 2 139 0 – 4.3% 57.6 – 69.0% 27.5 – 38.7% 
Spit 4 5 31 33 1 70 
2.2 – 9.3% 37.1 – 50.5% 41.8 – 55.4% Spit 5 - 14 16 1 31 
Spit 6 1 1 2 - 4 
Note to table. Deeper squares only. 
 
 
Figure 59  ADI/CP3/OA11 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
Together, the distributions at OA4 and OA11 on site ADI/CP3 indicate an early 
occupation with increased discard of IMSTC, then occupation involving increased 
discard of silcrete, with more recent occupation involving increased discard of 
quartz. The different sequences occur in different locations on this site, indicating 
intra-site variation in the location of activities at different times and differing 
histories of artefact accumulation across the site (i.e. the site is a combination of 
spatial and cumulative palimpsests). The different sequences would not have been 
identified if multiple spatial samples had not been excavated in spits. 
At ADI/CP4 parts of areas 6, 7 and 9 totalling 34m2 were excavated to 40cm or 50cm 
depth (GML+JMcD CHM in prep). Too few artefacts were recovered to investigate 
intra-site variation but the combined sample is sufficient for analysis. The largest 
number of artefacts occur in spit 1 and this is also the case for each raw material 
type (Table 53). Quartz is proportionately more frequent in spits 1 and 2 than deeper 
(chi-squared=11.29, df=3, p=0.010, Figure 60), possibly spread vertically by 
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disturbance in the historic period. IMSTC is proportionately more frequent in the 
deeper spits combined (chi-squared=16.42, df=3, p<0.001). 
 
Table 53  ADI/CP4/OA6,7,9 – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 28 125 55 8 216 9.7 – 16.2% 53.2 – 62.6% 21.3 – 29.6% 
Spit 2 14 44 13 2 73 12.6 – 25.7% 52.3 – 68.2% 11.4 – 24.2% 
Spit 3 2 20 12 - 34 0 – 13.0% 47.3 – 70.3% 24.0 – 46.5% 
Spit 4 - 17 11 1 29 
0 – 4.0% 35.6 – 55.7% 39.9 – 60.1% 
Spit 5 - 4 12 1 17 
 
 
Figure 60  ADI/CP4/OA6,7,9 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
 
5.2.3  ADI/WP1, Llandilo 
ADI/WP1 is located at Llandilo. The site is on a lower slope on shale but with an 
infilled palaeo-channel and a scatter of various lithic raw materials which occur 
naturally. A horizon soils are shallow, less than 100mm in some locations, but 
deeper in cracks in the underlying clay. A deeper palaeo-channel is present, now 
infilled with up to 440mm of sediments. The site has a low artefact density (e.g. 
Figure 6, GML+JMcD CHM 2014a).  
The analysis here combines all artefacts from testing and open area excavations. 
Artefacts from the upper spits were excavated largely from A horizon soils on shale. 
Artefacts from the deepest spits were mostly associated with the palaeo-channel. 
The deeper sample is very small but the combined vertical distribution indicates 
that IMSTC is more frequent in the deepest deposits (Table 54, Figure 61, chi-
squared=23.74, df=2, p<.001). It appears that the site was occupied at an unknown 
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time when IMSTC was prevalent, then most artefacts were eroded from soils on 
shale geology, with some artefacts redeposited into the palaeo-channel. The site 
was reoccupied at one or more times during the Late Holocene when artefacts of 
silcrete and other raw material types were discarded. 
 
Table 54  ADI/WP1/all – Vertical distribution of quartz, silcrete and IMSTC artefacts with 84% 
confidence intervals. 
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Spit 1 85 236 62 3 386 19.1 – 25.0% 57.7 – 64.6% 13.4 – 18.7% 
Spit 2 18 26 9 - 53 25.0 – 43.0% 39.6 – 58.5% 9.5 – 24.4% 
Spit 3 1 3 9 - 13 
0 – 16.3% 8.3 – 36.2% 45.7 – 76.5% 
Spit 4 - 1 2 2 5 
 
 
Figure 61  ADI/WP1 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
 
5.2.4  Austral site Aus1 
Site Aus1 is located at the interface of a lower slope and alluvium near Reedy Creek. 
Area B on a lower slope covered 33m2 and most was excavated in spits (JMcD CHM 
2004b). This type of setting was thought to have potential for sediments to 
accumulate and bury artefacts in a chronologically meaningful stratigraphy (Barham 
2007).  
The artefact sample is not large (n=321 artefacts) and most artefacts occur in spits 1 
and 2. However, the small sample from spit 3 has a slightly higher proportion of 
IMSTC than in spit 1 (Table 55, Figure 62, chi-squared=6.09, df=1, p=0.048).  
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Table 55  Aus1/B – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 9 109 13 3 134 3.5 – 10.0% 76.6 – 86.1% 6.0 – 13.4% 
Spit 2 6 110 18 1 135 1.7 – 7.2% 76.7 – 86.2% 9.1 – 17.5% 
Spit 3 3 36 12 - 51 0.4 – 11.4% 61.7 – 79.5% 15.2 – 31.9% 
 
 
Figure 62  Aus1/B – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
 
5.2.5  Bungarribee sites Bun2 and Bun6 
Bungarribee site Bun2 is located on a lower slope above Eastern Creek. The 
landform includes natural silcrete and other gravels, overlying shale (JMcD CHM 
2011). A horizon soils are generally shallow, but up to 35cm deep in Area A. A total 
of 8m2 at this location was excavated in two spits (JMcD CHM 2011). IMSTC 
artefacts are proportionately more frequent in spit 2 (Table 56, Figure 63, chi-
squared=12.55, df=1, p<0.001). 
 
Table 56  Bun2/A – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 7 219 25 2 253 1.2 – 4.4% 83.5 – 89.6% 7.2 – 12.6% 
Spit 2 2 72 24 - 98 0 – 4.8% 67.2 – 79.7% 18.4 – 30.6% 
 
 
Figure 63  Bun2/A – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
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Bungarribee site 6 is located on a similar landform about 400m north of Bun2. 
IMSTC is also more frequent in deeper spits combined (AMC 2013).  
5.2.6  Colebee SA21 and SA24  
Colebee site SA21 is located on a mid-slope about 600m east of Plumpton Ridge 
silcrete quarry and 250m west of Eastern Creek. Excavations were extensive with 
limited excavation of 6m2 in spits at Area A and 9m2 at Area B. A horizon soils varied 
between 10cm and 30cm thick (JMcD CHM 2006a Vol 3:Appendix 4). Some variation 
in artefact raw materials with depth is present in Area B. Silcrete is strongly 
dominant in both spits, as expected given the proximity of Plumpton Ridge quarry. 
However, IMSTC is more frequent in spits 2 and 3 combined than in spit 1 (Table 57, 
Figure 64, chi-squared for IMSTC=11.81, df=1, p<0.001).  
 
Table 57  Col/SA21/B – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 - 208 5 1 213 0 – 0.9% 96.0 – 99.3% 0.7 – 4.0% 
Spit 2 - 163 19 3 185 
0 – 1.0% 84.6 – 91.2% 7.5 – 13.8% 
Spit 3 - 11 2 - 13 
 
 
Figure 64  Col/SA21/B – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
Colebee site Col/SA24 is located on a low alluvial levee between Eastern Creek and 
a palaeo-channel, and about 1km from the silcrete quarry on Plumpton Ridge. The 
upper silty deposit is deep, up to 1m in some places, and becomes more clayey with 
depth (JMcD CHM 2006a Vol 2:182-184). No age determinations were obtained. In 
Area B IMSTC artefacts occur in almost equal numbers in both spits, but are 
proportionately more frequent in spit 2 (Table 58, Figure 65, chi-squared for 
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IMSTC=22.56, df=1, p<0.001). This site, as well as Col/SA21, indicate variation over 
time in the use of IMSTC despite the immediate proximity of a major silcrete quarry.  
 
Table 58  Col/SA24/B – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spits 1:  0-c.30m 4 616 51 7 678 0.1 – 1.1% 89.3 – 92.4% 6.1 – 9.0% 
Spits 2: c.30-80/100cm 1 217 49 2 269 0 – 1.3% 77.3 – 84.1% 14.9 – 21.5% 
 
 
Figure 65  Col/SA24/B – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
 
5.2.7  Elizabeth Hills site EH2  
Elizabeth Hills site EH/2 is located on a lower slope underlain by Bringelly Shale, 
west of Hinchinbrook Creek. Extensive excavation was conducted (JMcD CHM 
2010b) and a geomorphology report was prepared (Mitchell 2010d). Soils consist of 
a fine sandy clay-loam A horizon over clay. In some pits a weakly developed 
bleached zone is present at the base of the A horizon, usually in conjunction with a 
discontinuous stone layer. Most of the stones are rounded ironstone pisolites (up to 
4mm in diameter) but platy fragments of shale up to 50mm in size are also present. 
This stony deposit lies unconformably on the clay but had been partially 
incorporated into the clay by bioturbation. It is thought that the shale gravel 
originated upslope and had been redeposited during severe sheet erosion at an 
unknown time (Mitchell 2010d). 
A total of 7m2 in Area A was excavated in two spits, spit 1 being 0mm to 130-
170mm deep and spit 2 from the base of spit 1 to clay at 250mm to 370mm depth. 
Spit 2 was commenced when ironstone gravels made up more than half of the 
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deposit (JMcD CHM 2010b:Appendix 5). The artefact sample from the spit 
excavations is small, but IMSTC artefacts are more frequent in spit 2 than in spit 1 
(Table 59, Figure 66, chi-squared=8.71, df=1, p=0.005). Analysis of the entire IMSTC 
assemblage from EH/2/A (n=351 artefacts) suggests the presence of an older IMSTC 
assemblage, with most artefacts technologically Phase 1/Pre-Bondaian in character 
with the addition of some Bondaian artefacts (JMcD CHM 2010b; White 2017). 
 
Table 59  EH/2/A – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 9 44 6 - 59 8.4 – 22.1 66.6 – 82.5 4.2 – 16.1 
Spit 2 4 16 16 1 37 2.9 – 18.7 32.1 – 54.4 32.1 – 54.4 
 
 
Figure 66  EH/2/A – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
 
5.2.8  East Leppington sites EL/7, EL/10 and EL/12  
Site EL/7 is located on alluvium adjacent to Bonds Creek South. Two areas a few 
metres apart, with a combined extent of 60m2, were excavated in 10cm spits. 
Silcrete, IMSTC and a chalcedonic stone were used to make backed artefacts (GML 
Heritage 2016). Quartz is uncommon but slightly more frequent in spit 1 than in spit 
2 (Table 60, Figure 67, chi-squared=6.01, df=2, p=0.049). IMSTC shows a similar trend. 
Silcrete is proportionately more frequent in spit 3 (chi-squared=639.3501, df=2, 
p<0.001).  
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Table 60  EL7 – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1  44 433 564 45 1,086 3.2 – 4.9% 37.8 – 42.0% 49.8 – 54.1% 
Spit 2 13 323 316 20 672 1.1 – 2.7% 45.4 – 50.8% 44.3 – 49.7% 
Spit 3 5 108 53 2 168 0.9 – 5.1% 59.1 – 69.5% 26.5 – 36.6% 
 
 
Figure 67  EL7 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency with 
84% confidence intervals. 
Site EL/10 is located on alluvium, below and adjacent to a shale hillslope. Two areas 
were excavated in spits and of these EL10/C shows variation in raw material 
proportions with depth. EL10/C covers a total area of 27m2 (GML Heritage 2016). 
Most artefacts occur in spit 2, but quartz is more frequent in spit 1 (Table 61, Figure 
68, chi-squared=11.53, df=1, p=0.001). 
 
Table 61  EL/10/C – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 23 94 19 1 137 12.2 – 21.3% 63.1 – 74.2% 9.6 – 18.1% 
Spit 2 8 134 23 4 169 
3.1 – 7.9% 74.0 – 82.2% 10.4 – 17.4% 
Spit 3 3 23 5 1 32 
 
 
Figure 68  EL/10/C – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
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Site EL/12 is located about 1.2km north of EL/10. It is also on alluvium below a shale 
hillslope. Four areas were excavated in spits. The largest artefact samples come 
from areas A and B. Together, these two areas cover 40m2 (GML Heritage 2016). 
Quartz artefacts are more frequent in spit 1 (Table 62, Figure 69, chi-squared=26.33, 
df=1, p<0.001). An OSL age determination for spit 1 sediments gives a date of 1.7 ± 
0.1 ka (GL-14075) (GML Heritage 2016) but this could have been affected by 
bioturbation. 
 
Table 62  EL/12/A+B – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1  156 85 8 2 251 57.9 – 66.4% 29.7 – 38.0% 1.5 – 4.0% 
Spit 2 136 184 12 2 334 37.0 – 44.5% 51.3 – 58.9% 2.1 – 5.1% 
 
 
Figure 69  EL/12/A+B – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
 
5.2.9  Parramatta Sand and site RTA-G1  
A sand body occurs in Parramatta CBD, adjacent to Parramatta River. Several 
archaeological and geomorphic investigations have been conducted (e.g. AHMS 
2016; Austral Archaeology 2007; Comber 2010a; Haglund 2008; JMcD CHM 2003b, 
2005c, 2006e; Stenning 2011). The sand body has been dated to c.47-65 ka (Table 
63), and may have originated as a fluvial deposit (Mitchell 2010c:176). Aeolian 
reworking of the upper sandy deposit (AHMS 2016; Marjorie Sullivan, personal 
communication) may have enabled artefacts and burning features to be buried in 
the upper 1m of the sand body in a chronologically meaningful way (deeper are 
older, upper are younger). At 189 Macquarie Street a source-bordering dune may 
have formed c.10,000 to 15,000 years ago (AHMS 2016:42). At 140 Macquarie 
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Street the sand body was overlain by an alluvial silty clay up to 2.3m thick, probably 
deposited by Clay Cliff Creek. Artefacts were found in the sand deposit and in the 
overlying silty clay, indicating deposition of the clay during the time span of human 
occupation (Stenning 2011:22; Richardson 2010b:215-225). The extent of the sand 
body and its history of sediment and artefact deposition is not yet fully defined. 
 
Table 63  Thermoluminescence age determinations for 140 Macquarie Street, Parramatta (Mitchell 
2010c:176). 
Sample  Lab no Age (ka) 
1: West wall of G1, 30cm below the base of unit 2 clay at 4.30m AHD W4396 49.5±2.8 
2: West wall of G1, 80cm below the base of unit 2 clay at 3.80m AHD W4397 57.6±5.1 
3: West wall of G6, 30cm below the base of unit 2 clay at 5.00m AHD W4398 58.4±6.1 
One of the larger artefact assemblages from the sand body was recovered from the 
site of the former RTA building in George Street Parramatta. Comparison with 
existing footpath levels indicates that 20cm to 40cm of deposit had been removed 
from the site with removal of buildings and contaminated sediments (JMcD CHM 
2005c:22,52). Artefacts younger than c.2,000 calBP were probably lost from the site 
during this work. A total of 132m2 was excavated with depths measured below the 
modified ground surface (JMcD CHM 2003b, 2005c). Five radio-carbon age 
determinations were obtained – four from in situ charcoal features and one from 
charcoal fragments recovered during sieving of sediment from 80-100cm depth 
(Table 64).  
Table 64  Age determinations from Parramatta site RTA-G1 (from JMcD CHM 2005c:107-125). 
 Wk-17436 Wk-17432 Wk-17434 Wk-17433 Wk-17435 
Square 45E 60N 59E 58N 56E 57N 36E 56N 35E 57N 
Sample depth 13cm 30-33cm 20cm 24cm 80-100cm 
Feature depth 13 – 30cm 13 – 33cm 20 – 35cm n/a n/a 
Determination 3,270±35 BP 4,433±35 BP 6,078±54 BP 8,206±51 BP 30,735±407BP 
CalBP 95.4% 3,576 – 3,403 5,279 – 4,875 7,156 – 6,793 9,394 – 9,016 35,527 – 33,980 
Associated 
lithics 
5m
2
 9m
2
 9m
2
 9m
2
 9m
2
 
n=43 n=222 n=328 n=518 see Wk-17433 
Artefact 
associations 
Too few 
artefacts for 
analysis but 
may date 
edge ground 
implement 
Silcrete 
dominant 
above 40cm 
depth. 1 
backed 
artefact at 0-
20cm 
Silcrete 
dominant 
above 20cm, 
common 20-
40cm, IMSTC 
dominant 
below 40cm 
Silcrete 
dominant 
above 20cm, 
IMSTC 
dominant 
below 20cm 
Base of 
artefact-
bearing 
sediments with 
no artefacts in 
these squares 
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The samples, age determinations and specific assemblage associations are detailed 
in the consulting report (JMcD CHM 2005c:107-125). The youngest age 
determination of 3,270–3,000 calBP (Wk-17436) is associated with two edge-
ground implements but too few other flaked artefacts occur in the immediate 
vicinity to characterise the associated flaked assemblage. Assemblages associated 
with the other age determinations are discussed below. 
At square 59E 58N and the surrounding 3x3m area the assemblage above 40cm 
depth is dominated by silcrete artefacts and includes the age determination of 
5,050–4,840 calBP (Wk-17432) (Table 65, Figure 70). IMSTC is predominant in the small 
sample from below 40cm depth.  
 
Table 65  RTA-G1/59E 58N – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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0-20cm 8 58 7 1 74 5.4 – 16.2% 71.6 – 85.1% 4.3 – 14.6% 
20-40cm 1 68 17 10 96 0 - 3.5% 64.3 – 77.3% 12.2 – 23.3% 
40-
100cm 
4 19 25 4 52 1.8 – 13.6% 27.3 – 45.8% 38.6 – 57.6% 
 
 
Figure 70  RTA-G1/59E 58N – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
At square 56E 57N and the surrounding 3x3m area the assemblage above 20cm 
depth is dominated strongly by silcrete (Table 66, Figure 71). This silcrete assemblage 
is located above the age determination of 7,020–6,690 calBP (Wk-17434) taken at 
20cm depth. The proportion of silcrete declines to c.50% between 20cm and 40cm 
depth, while the dated features extends between 20cm and 35cm depth. IMSTC 
artefacts are strongly dominant below 40cm depth and below the age 
determination. It is not known whether the age determination dates a transition 
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between preferential use of IMSTC and silcrete, or whether artefacts between 20cm 
and 40cm depth have been mixed. 
 
Table 66  RTA-G1/56E 57N – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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0-20cm 1 82 15 3 101 0 – 3.3% 75.7 – 86.7% 9.8 – 19.9% 
20-40cm 7 73 60 6 146 2.1 – 7.5% 44.2 – 55.8% 35.4 – 46.8% 
40-100cm 1 13 53 14 81 0 – 4.1% 10.2 – 21.9% 58.1 – 72.8% 
 
 
Figure 71  RTA-G1/56E 57N – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
At square 36E 56N and the surrounding 3x3m area the assemblage above 20cm 
depth is dominated strongly by silcrete (Table 67, Figure 72). This is located above the 
age determination of 9,280–8,990 calBP (Wk-17433) taken at 24cm depth. Below 
20cm depth the proportions of silcrete decline and the proportions of IMSTC 
increase. The entire assemblage at this location is above the age determination of 
35,527–33,980 calBP (Wk-17433) taken on loose charcoal at 80-100cm depth. 
Quartz is slightly more frequent in the upper 20cm of surviving deposit at this 
location. Quartz may have been more frequent in the deposits which were removed 
from the site during modern clearing works. 
 
Table 67  RTA-G1/36E 56N – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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0-20cm 19 190 41 13 263 4.7 – 9.5% 68.4 – 76.1% 12.4 – 18.8% 
20-40cm 1 75 88 10 174 0 – 1.9% 37.9 – 48.3% 45.3 – 55.9% 
40-80cm 1 9 71 - 81 0 – 4.1% 5.9 – 16.3% 82.3 – 93.0% 
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Figure 72  RTA-G1/36E 56N – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
The combined information indicates a strong preference for IMSTC before 9,280–
8,990calBP (Wk-17433) and before 7,020–6,690 calBP (Wk-17434). The deeper 
IMSTC assemblage is technologically Pre-Bondaian (JMcD CHM 2005c; White 2017). 
A strong preference for silcrete occurred after 7,020–6,690 calBP (Wk-17434) and 
includes 5,050–4,840calBP (Wk-17432). The silcrete assemblage shows change over 
time and is analysed below (section 7.2). 
5.2.10  Kellyville site RH/CC2  
Site RH/CC2 is located on a gently sloping sandstone bench adjacent to Cattai Creek 
(JMcD CHM 2005a:286-379). The sediments were described and interpreted by 
geomorphologist Dr Peter Mitchell. The deposit is up to 120cm deep. It consists of 
an A horizon soil, which overlies a buried soil which overlies gravelly and in situ 
weathered sandstone. Originally identified as a terrace, the deposit was 
reinterpreted as a bedrock bench formed from in situ weathering of sandstone with 
contributions from hillslope processes and biota (JMcD CHM 2005a:286-301).  
Excavation at RH/CC2 was conducted in three vertical units: Top, Middle and 
Bottom. At the time of the excavation the vertical units were excavated as an upper 
dark unit, over a pale unit over a darker yellow unit. The upper and buried soil 
horizons became evident only after the section walls had dried, and even then the 
upper part of the buried soil horizon was weakly defined and discontinuous (JMcD 
CHM 2005a:286-301). The Top unit was roughly equivalent to the upper half of the 
A horizon soil, the Middle was roughly equivalent to the lower part of the A horizon 
soil and may include upper parts of the buried soil horizon, and the Bottom was 
roughly equivalent to most, or perhaps all, of the buried soil. No age determinations 
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for the deposit were obtained due to a lack of charcoal features and the presence of 
extensive bioturbation which would have complicated OSL results (JMcD CHM 
2005a:302-378); at the time single-grain OSL analysis was not possible.  
The artefact assemblage from RH/CC2 shows change over time (JMcD CHM 
2005a:302-378). The Bottom assemblage is dominated strongly by IMSTC with a 
small proportion of silcrete (Table 68, Figure 73). The Middle and Top assemblages are 
dominated by silcrete, with a slightly higher proportion in the Top than in the 
Middle. The Middle assemblage was probably a mix of younger and older artefacts. 
Quartz is infrequent throughout, despite the proximity of sandstone geology which 
may contain flakeable quartz pebbles. 
 
Table 68  RH/CC2 – Vertical distribution of quartz, silcrete and IMSTC artefacts >5mm in size. 
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Top 229 2,282 323 14 2,848 7.3 – 8.8% 79.1 – 81.2 10.5 – 12.2% 
Middle 105 1,212 290 15 1,622 5.6 – 7.3% 73.2 – 76.2 16.5 – 19.2% 
Bottom 92 319 597 45 1,053 7.5 – 10.0% 28.3 – 32.3 54.6 – 58.8% 
 
Figure 73  RH/CC2 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % frequency 
with 84% confidence intervals. 
5.2.11  Beaumont Hills site RH/CD7 
This site is located on a lower sandstone slope above Caddies Creek. Test excavation 
conducted in 1993 identified numerous artefacts and a deposit which shows change 
in artefact raw materials with depth (McDonald and Rich 1993a, McDonald et al. 
1994). A substantial number of axe grinding grooves makes the site unique on the 
Cumberland Plain, and also indicates that the site was visited within the last 3,000 
years (JMcD CHM 2005a:462-463,465). 
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Test pit S50.A160 was a 1m2 square with 251 lithics (McDonald and Rich 1993a). An 
age determination of 4,690±80BP (Beta-66453) 5,598–5,085 calBP was obtained on 
loose charcoal from spit 2 (McDonald and Rich 1993b). Quartz is most frequent in 
spit 1 (Table 69, Figure 74, chi-squared=12.66, df=2, p=0.002). IMSTC is most frequent 
in spits 3+4 combined (chi-squared=28.96, df=2, p<0.001).  
 
Table 69  RH/CD7/S50.A160 – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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0 – 10cm 13 67 - - 80 10.3 – 22.2 77.8 – 89.7 0 – 2.4 
10 – 20cm 4 104 9 3 120 0.6 – 6.1 82.2 – 91.1 3.9 – 11.1 
20 – 40cm 2 34 14 1 51 0 – 8.9 57.5 – 75.8 18.7 – 36.2 
 
 
Figure 74  RH/CD7/S50.A160 – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
The site was re-excavated in 2006 (JMcD CHM 2007a). In the Bridge Precinct, Area B 
excavation was conducted at an outcropping sandstone bench, with most of the 
deposit removed in 20cm spits (JMcD CHM 2007a). The sediments were described 
and interpreted by Dr Peter Mitchell. The profile includes a bioturbated A horizon 
soil with a discontinuous stone layer at its base. This overlies a buried and 
weathered former soil, with a discontinuous stone layer at its base. This overlies a 
rubbly mantle of weathered sandstone in clayey sand. The sediments are colluvium 
(Mitchell 2006b:7-10). It is not known whether the artefacts were redeposited from 
higher upslope or result from in situ occupation. No age determinations were 
obtained due to extensive bioturbation (JMcD CHM 2007a). The age determination 
obtained in 1993 (5,598–5,085 calBP, Beta-66453) suggests that the upper A 
horizon soil may include a mid-Holocene age. Importantly, Area B retains a roughly 
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stratified deposit, in the sense of having definable layers which contain artefacts of 
different ages, with some mixing by bioturbation. 
IMSTC artefacts are proportionately most frequent in the deepest spit (Table 70, 
Figure 75, chi-squared=110.47, df=2, p<0.001,). Silcrete shows the opposite trend. 
The deeper IMSTC assemblage is technologically Phase 1/Pre-Bondaian (JMcD CHM 
2007a; White 2017). The proportions of quartz do not vary with depth in Area B, 
again indicating the importance of excavating multiple areas on sites to capture 
intra-site variation in vertical distributions. 
 
Table 70  RH/CD7/Bridge/B – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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0 – 20cm 16 207 135 3 361 2.8 – 6.0% 53.7 – 61.0% 33.8 – 41.0% 
20 – 40cm 23 227 436 12 698 2.3 – 4.3% 30.0 – 35.0% 59.9 – 65.0% 
40 – 60cm 14 106 331 2 453 1.9 – 4.3% 20.6 – 26.2% 70.0 – 76.0% 
 
 
Figure 75  RH/CD7/Bridge/B – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
5.2.12  Rouse Hill site RH/SP9 
Site RH/SP9 is located on a lower sandstone slope, just west of the confluence of 
Caddies and Second Ponds Creeks (JMcD CHM 2005a). The 880E area is dominated 
by a silcrete knapping concentration and no variation in raw material proportions 
occurs with depth (JMcD CHM 2005a). 
At the 920E area a total of 6m2 was excavated in spits. Silcrete is more frequent in 
the deepest spits while IMSTC is more frequent in the upper two spits (Table 71, 
Figure 76, chi-squared for IMSTC=8.02, df=2, p=0.018). This distribution suggests a 
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relatively recent increase in the use of IMSTC at this location, and backed artefacts 
of IMSTC were made here (JMcD CHM 2005a:137). 
 
Table 71  RH/SP9/920E – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 - 9 43 1 53 0 – 3.5% 9.5 – 24.4% 73.4 – 88.8% 
Spit 2 2 29 114 1 146 0 – 3.2% 15.2 – 24.5% 73.3 – 82.9% 
Spit 3 3 21 37 - 61 
1.4 – 11.1% 24.7 – 41.0% 52.5 – 69.4% 
Spit 4 1 - 2 - 3 
 
 
Figure 76  RH/SP9/920E – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
 
5.2.13  Rouse Hill site RH/SP13H 
Site RH/SP13H is located on a lower slope west of Second Ponds Creek (JMcD CHM 
2008a). A total of 35m2 was excavated in spits at Area A. Unusually, fragments of a 
naturally occurring siliceous, but poor quality stone (possibly silicified wood) are 
present in the deposit. This natural material is more frequent in spit 2 than in spit 1 
(68% by count and 70% by weight), consistent with a prediction made by the 
geomorphology study (Mitchell 2007). The spatial distribution of artefacts and 
natural siliceous stone suggest displacement by slope wash (JMcD CHM 2008a).  
Artefacts are a little more frequent in spit 1 than in spit 2 but IMSTC artefacts are 
more frequent in spit 2 than in spit 1 (Table 72, Figure 77, chi-squared=15.11, df=1, 
p<0.001,). Naturally occurring siliceous stone is also more frequent in spit 2 (Table 
73). 
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Table 72  RH/SP13H/A – Vertical distribution of quartz, silcrete and IMSTC artefacts. 
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Spit 1 50 317 7 1 375 10.8 – 15.8% 81.9 – 87.2% 0.8 – 3.0% 
Spit 2 33 245 25 1 304 8.3 – 13.4% 77.4 – 83.8% 6.0 – 10.5% 
 
 
Figure 77  RH/SP13H/A – Vertical distribution of quartz, silcrete and IMSTC artefacts by % 
frequency with 84% confidence intervals. 
 
Table 73  RH/SP13H/A – Vertical distribution of naturally occurring FGS stone. 
Unit or depth All other artefacts IMSTC artefacts FGS stone 
Spit 1 368 7 311 
Spit 2 279 25 656 
 
5.3 Raw Material Sequences 
5.3.1  Summary of vertical distributions of raw materials 
A notable number of open sites on the Cumberland Plain retain variation in the 
distributions of artefact raw materials with depth. The review identifies 17 of 28 
sites in the current study with such evidence (Table 74, Figure 78, Figure 79, Figure 80). 
The presence of variation in artefact raw material proportions with depth is so 
common that I am referring to this as a raw material sequence.  
A raw material sequence is defined here as a vertical distribution of artefacts which 
shows variation in artefact raw material proportions with depth.  
Raw material sequences could have formed if artefacts of different raw material 
types were discarded in one location at different times or if older artefacts had 
been displaced to a new location which was then occupied at a more recent time. 
Some form of sequential sediment deposition would also have been involved, and 
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bioturbation or other disturbances did not entirely mix all the artefacts of different 
ages together. There is no assumption that the deposits in which the artefacts occur 
are stratified or layered (although some might be, e.g. RH/CC2, RH/CD7/Bridge). It is 
expected that there will have been vertical movement of artefacts. Raw material 
sequences indicate a tendency for artefacts discarded in recent times to occur in 
the upper deposits and a tendency for artefacts discarded in earlier times to occur 
in deeper deposits. It is expected that conjoining would demonstrate some vertical 
movement through deposits. 
On seven sites with multiple area excavations, raw material sequences occur in one 
or more excavation areas but not in other excavation areas. This variation indicates 
some of the potential complexity in repeated occupation and geomorphic processes 
across distances of a few hundred metres (i.e. within some sites). Additionally, raw 
material sequences could be present on some sites but not encountered by spit 
excavations. This is a good reason to conduct multiple excavation areas on sites, to 
conduct all excavations in spits and to analyse artefact distributions in relation to 
excavation units and in relation to geomorphic evidence. 
The review also identifies different types of raw material sequences on the 
Cumberland Plain. 
5.3.2  Types of raw material sequences 
Different types of raw material sequences can be identified by comparing the 
proportions of IMSTC, quartz and silcrete artefacts with depth of deposit (Figure 78, 
Figure 79, Figure 80). The sequences are Deeper IMSTC Sequences, Upper IMSTC 
Sequences and Upper Quartz Sequences. 
 Deeper IMSTC Sequences have higher proportions of IMSTC artefacts in deeper 
spits, with higher proportions of silcrete artefacts in higher spits. The IMSTC 
assemblages did not result from backed artefact production (White 2017; cf. 
Way and Pope 2018). Sites with Deeper IMSTC Sequences are located in various 
parts of the Cumberland Plain and at varying distances from potential sources of 
IMSTC (Figure 81, Figure 82). The presence of these sequences was not simply a 
result of close access to sources of IMSTC. 
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Table 74  Raw material sequences at open artefact sites in this study. 
Note that site ADI/WP1 has too few silcrete artefacts for further analysis and is not listed here. 
Site Excavation extent, 
sequence present 
or absent 
Reference Deeper 
IMSTC 
sequence 
Upper 
IMSTC 
sequence 
Upper 
quartz 
sequence 
AAS6, 
AAS6W 
Present 14 m2 
Absent 69 m2 
AMC 2014 - X X 
ADI/CP1 Present 42 m2 GML+JMcD CHM in prep. X - - 
ADI/CP3 
Present 50 m2  
Absent 9 m2 
GML+JMcD CHM in prep. X - X 
ADI/CP4 Present 34 m2 GML+JMcD CHM in prep. X - X 
Aus1 
Present 32 m2  
Absent 27 m2 
JMcD CHM 2004b X - - 
Bun2 Present 8 m2 JMcD CHM 2011 X - - 
Col/SA20 Absent 11 m2 JMcD CHM 2006a - - - 
Col/SA21 
Present 9 m2  
Absent 6 m2 
JMcD CHM 2006a X - - 
Col/SA24 
Present 53 m2  
Absent 21 m2 
JMcD CHM 2006a X - - 
EH/2 Present 7 m2 JMcD CHM 2010b X - - 
EL/2+6 Absent 107.5 m2 GML Heritage 2016 - - - 
EL/3+4 Absent 82.25 m2 GML Heritage 2016 - - - 
EL/7+8 Present 144 m2 GML Heritage 2016 - X X 
EL/10 
Present 27 m2  
Absent 13 m2 
GML Heritage 2016 - - X 
EL/12 Present 40 m2 GML Heritage 2016 - - X 
Oakdale  Absent 50 m2 GML Heritage 2015 - - - 
PH/2+3 Absent 8 m2 JMcD CHM 2004d - - - 
RTA-G1  Present 122 m2 JMcD CHM 2005c X - - 
RH/CC2 Present 100 m2 JMcD CHM 2005a X - - 
RH/CD7 
Present 1 m2 McDonald and Rich 1993a 
X - 
X 
Present 77 m2 JMcD CHM 2007a - 
RH/KVSTC1 Absent 16 m2 GML+JMcD CHM 2013a - - - 
RH/SP9 
Present 6 m2  
Absent 8 m2 
JMcD CHM 2005a - X - 
RH/SP12Nth Absent 16 m2 JMcD CHM 2005b - - - 
RH/SP12Sth Absent 86 m2  JMcD CHM 2005b - - - 
RH/SP13G Absent 13 m2 JMcD CHM 2005b - - - 
RH/SP13H Present 35 m2 JMcD CHM 2008a X - - 
RH/SP22 Absent 25 m2 JMcD CHM 2005b - - - 
SF-PAD5 Absent 51 m2 JMcD CHM 2010a - - - 
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Figure 78  IMSTC Sequences – summary vertical distributions of % IMSTC artefacts at sites. 
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Figure 79  Upper Quartz Sequences – summary vertical distributions of % quartz artefacts at sites. 
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Figure 80  Summary vertical distributions of % silcrete artefacts at sites. 
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Figure 81  Sites with 
Deeper IMSTC 
sequences with 
distance from 
naturally occurring 
silcrete and IMSTC. 
 
 
Figure 82  Location of sites with Deeper IMSTC Sequences and Phase 1 IMSTC artefacts.  
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 Upper IMSTC Sequences are those which have increased proportions of IMSTC 
in upper spits, and those IMSTC assemblages are associated with backed 
artefact production. This type of sequence occurs at three sites in this review 
(AAS6W/4, EL/7A and RH/SP9/920E). IMSTC knapping concentrations associated 
with backed artefact production also occur at other sites on the Cumberland 
Plain which were not excavated in spits (e.g. ADI/WP3, RH/CD12). IMSTC 
assemblages associated with backed artefact production are probably more 
frequent in the region than indicated by the current review of spit excavations. 
Sites with Upper IMSTC Sequences are too infrequent in the current data set to 
analyse in chapter 7.0. 
 Upper Quartz Sequences are those which have increased proportions of quartz 
artefacts in the upper deposit. These occur at seven sites reviewed here. At 
three sites an increase in quartz in the upper deposit is the only evidence for a 
sequence (AAS6W/4, EL/10 and EL/12). One site also has an Upper IMSTC 
sequence (EL/7/A). Three sites also have Deeper IMSTC Sequences (ADI/CP3, 
ADI/CP4, RH/CD7/Bridge/S50.A160); that is quartz artefacts are more frequent 
in the upper deposits while IMSTC is more frequent in the deepest deposits. 
Sites with Upper Quartz Sequences are located at varying distances from 
potential sources of quartz and are located in various parts of the Cumberland 
Plain (Figure 83, Figure 84). Some other sites on the Cumberland Plain also have 
substantial quartz assemblages. 
 Upper IMSTC Sequences are those which have increased proportions of IMSTC 
in upper spits, and those IMSTC assemblages are associated with backed 
artefact production. This type of sequence occurs at three sites in this review 
(AAS6W/4, EL/7A and RH/SP9/920E). IMSTC knapping concentrations associated 
with backed artefact production also occur at other sites on the Cumberland 
Plain which were not excavated in spits (e.g. ADI/WP3, RH/CD12). IMSTC 
assemblages associated with backed artefact production are probably more 
frequent in the region than indicated by the current review of spit excavations. 
Sites with Upper IMSTC Sequences are too infrequent in the current data set to 
analyse in chapter 7.0. 
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Figure 83  Location of sites with Upper Quartz Sequences and quartz assemblages. 
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Figure 84  Sites with 
upper quartz 
sequences with 
distance from 
naturally occurring 
silcrete and quartz. 
 
5.4 Raw material sequences in the landscape 
This section analyses the distribution of sites with Deeper IMSTC Sequences and 
Upper Quartz Sequences to determine whether they occur in particular landscape 
settings, and whether artefact distributions may have resulted from geomorphic 
processes which affected the survival and accumulation of artefacts. Twenty-eight 
(28) sites in the current study are assessed for the presence or absence of raw 
material sequences and have sufficient numbers of artefacts for analysis (chapter 
7.0). Too few sites have Upper IMSTC Sequences to analyse their landscape 
distribution. The analysis of statistical associations and significance here use chi-
squared and Kendall’s tau-b or tau-c (described above in section 2.7). 
5.4.1  Landscape variables and the formation of Deeper IMSTC Sequences 
Deeper IMSTC Sequences are not associated with any particular valley positions, 
grades nor distances from quarries (Table 75). They occur on a variety of geological 
formations (Table 76). However, the presence or absence of Deeper IMSTC 
Sequences is related strongly to stream order (Table 77). Deeper IMSTC Sequences 
are present at all seven sites associated with 5th order streams, half the sites 
associated with 4th order streams, but uncommonly at sites associated with smaller 
streams. Stream order and elevation are correlated (Table 28, Table 30), so Deeper 
IMSTC Sequences tend to be absent from sites associated with small streams 
occurring at higher elevations, and tend to be present at sites associated with larger 
streams occurring at lower elevations (Table 78). These associations mean that there 
is a strong link between geomorphological landscape processes and the formation 
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and survival of raw material sequences. A chronological framework for these 
processes is discussed in chapter 6. 
 
Table 75  Deeper IMSTC sequences and landscape settings of sites – Results of statistical tests. 
Variable Total sites tau- coefficient p= Chi-
squared 
p= 
Distance from silcrete quarries  28 - .153 (tau-c) .423 n/a n/a 
Stream order  28 .641 (tau-b) <.001 11.499 ^ <.001 
Elevation  28 - .559 (tau-b) .001 8.763 ^ .003 
Valley position# 26* - .107 (tau-c) .593 .540 ^ .462 
Grade (slope)  26* .041 (tau-c) .852 n/a n/a 
Geological formation  28 n/a n/a n/a n/a 
Notes to table. * Tests conducted using coded landscape variables. Valley position and grade here do 
not include two sites on sand bodies, which were probably subject to different geomorphic 
processes. # Valley position analysed with ridge, upper and midslopes coded as group 1, lower slopes 
coded as group 2, and terraces and flats coded as group 3. ^ Chi-squared for 2x2 tables df=1; chi-
squared could not be conducted for larger tables. 
 
Table 76  Deeper IMSTC Sequences and geological formation of sites. 
Deeper 
IMSTC 
Sequence 
Geological formation Total sites 
Sandstone Alluvium Shale-
Alluvium 
Shale Silcrete 
on shale 
Sand 
body 
Absent 1 9 - 4 1 1 16 
Present 2 4 1 2 2 1 12 
Total sites 3 13 1 6 3 2 28 
 
Table 77  Deeper IMSTC Sequences and stream order of sites. 
Deeper IMSTC 
Sequence 
Stream order Total sites 
1
st
  2
nd
 3
rd
 4
th
 5
th
 
Absent 1 7 5 3 - 16 
Present - 2 - 3 7 12 
Total sites 1 9 5 6 7 28 
 
Table 78  Stream order, elevation and presence or absence of Deeper IMSTC Sequences at sites. 
Stream order Elevation AHD 
(m) 
Deeper IMSTC Sequences Total sites 
Absent Present 
1
st
, 2
nd
, 3
rd
 
≥50m 12 1 13 
≤46m 1 1 2 
4th, 5
th
 
≥50m 2 3 5 
≤46m 1 7 8 
Total sites 16 12 28 
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5.4.2  Landscape variables and the formation of Upper Quartz Sequences 
Upper Quartz Sequences are present at seven of 28 sites. These sites occur on 
varying grades, at varying elevations, are associated with varying stream orders and 
located at varying distances from silcrete quarries (Table 79). However, six sites with 
these sequences occur on alluvial landforms, the other being on a sandstone lower 
slope (Table 80). None are located on shale geology. Chronological evidence given 
below (chapter 6) indicates that quartz artefacts occurring in upper spits may have 
been discarded within the last c.1,500 years. The apparent absence of Upper Quartz 
Sequences on shale slopes could reflect an Aboriginal preference for low, non-shale 
landforms. Alternatively, modern land use and/or erosion of upper sediments from 
slopes as a result of tree clearing and grazing, could have removed recently 
deposited artefacts from shale slopes. 
 
Table 79  Upper Quartz sequences and landscape settings of sites – Results of Kendall’s tau-b or 
tau-c tests. 
Variable Total sites tau- coefficient p= Chi-squared p= 
Distance from silcrete quarries  28 .173 (tau-c) .238 n/a n/a 
Stream order  28 .124 (tau-b) .513 .431 ^ .512 
Elevation  28 - .086 (tau-b) .657 .207 ^ .657 
Valley position  26* .361 (tau-c) .014 n/a n/a 
Grade (slope)  26* - .077 (tau-c) .656 n/a n/a 
Shale geology 28 - .430 (tau-b) .002 5.185 ^ .023 
Notes to table. * Tests conducted using coded landscape variables. Valley position and grade do not 
include two sites on sand bodies, which were probably subject to different geomorphic processes, 
and are subject of parallel doctoral research by Ms Norma Richardson. 
^ Chi-squared for 2x2 tables df=1; chi-squared could not be conducted for larger tables. 
 
Table 80  Upper Quartz Sequences and summary valley position of sites. 
Upper Quartz Sequence Slopes Terraces and/or flats Total sites 
Present 1 6 7 
Absent 11 8 19 
Total sites 12 14 26 
Notes to table.  Sand bodies not included. The one site on a slope with an Upper Quartz Sequence is 
on sandstone geology. 
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5.4.3  Towards a model for artefact accumulation  
The absence of Deeper IMSTC Sequences from most sites associated with small 
streams and at higher elevations is likely due to downslope erosion and removal of 
artefacts over long spans of time (see discussion of slope erosion above, section 
4.5.3). 
Deeper IMSTC Sequences occur at two sites on shale slopes – Elizabeth Hills site 
EH2 (section 5.2.7) and Second Ponds Creek site RH/SP13H (section 5.2.13). At both 
these sites larger numbers of IMSTC artefacts occur deeper in the A horizon soil as 
does naturally occurring stone. Older IMSTC artefacts and natural rocks may have 
been subject to similar geomorphic processes, being left as lags after finer 
sediments had eroded (cf. Hughes et al. 2014; Mitchell 2007, 2010d) and/or the 
colluvium may have accumulated sequentially, forming a roughly stratified deposit, 
overprinted by pedogenesis. 
Deeper IMSTC Sequences occur at other sites on sandstone slopes, two of which 
have buried soil horizons, being sites RH/CC2 and RH/CD7 (sections 5.2.10 and 
5.2.11). At these sites the A horizon soils may have formed during a phase of 
stability then colluvial processes may have been reactivated resulting in additional 
colluvium followed by a more recent phase of stability and soil formation. The 
overall profiles have been bioturbated but these sites retain roughly stratified 
deposits. The deposits at these sites could have formed in accordance with the 
geogenesis colluvial model (section 4.5.2.2) combined with some sequential 
accumulation of sediments and artefacts. 
Artefacts may have been discarded on slopes at many different times and variously 
affected by rain splash and erosion, or buried (Figure 85). Over time, surface and/or 
buried sediments and artefacts may have gradually moved downslope. Where slope 
processes were particularly active (especially on steeper slopes or in upper valleys 
associated with small streams), all or most older artefacts may have been removed. 
Where slope processes were less active (e.g. on very gentle slopes in lower valleys) 
older IMSTC and younger silcrete artefacts may have accumulated, with some 
vertical mixing by bioturbation. On some sites sufficient numbers of older IMSTC 
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artefacts may have been retained in deeper deposits to form Deeper IMSTC 
Sequences.  
 
Figure 85  Model for artefact burial and movement on slopes. 
 
On alluvium additional processes may have been involved (Figure 86). Raw material 
sequences could form where colluvial deposits on lower slopes merge with or inter-
finger with alluvium, as at site Aus1 (section 5.2.4; Barham 2007). Rare high-level 
flooding of terraces could sequentially bury artefacts of different ages, with 
stratigraphy blurred by bioturbation, as at sites ADI/CP2, ADI/CP3 and ADI/CP4 
(section 5.2.2). Other alluvial landforms with potential for sequential accumulations 
include alluvial fans and alluvial levees (sections 4.5.5.1, 4.5.5.2 and site Col/SA24 
section 5.2.6). Alluvial landforms may be of different ages, providing maximum ages 
for artefact assemblages, as at RH/SP12South where raw material sequences are 
not present but artefacts are thought to be less than c.4,000 years old (section 
4.5.5.3). 
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Figure 86  Model for artefact burial and accumulation on alluvium. 
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6.0 Chronologies for the Cumberland Plain  
6.1 Introduction 
Most open sites in this study are undated, but the presence of different kinds of raw 
material sequences on some sites indicates that some sites were occupied at 
different times. This chapter develops a broad chronological framework to provide a 
rough indication of the phases of artefact accumulation on each site (site history, cf. 
Shiner 2008).  
Various approaches have been used in other studies to date A horizon soils and the 
artefacts contained therein. These approaches include: 
 Characterising dated assemblages, such as rock shelter assemblages or stratified 
open sites, and comparing them to otherwise undated assemblages, 
 Dating cultural features (hearths or ovens) associated with artefacts, or the 
stratigraphic relationships of artefacts with dated features, 
 Considering the time span of soil profile development,  
 Obtaining age determinations on sediments containing artefacts, and 
 Considering the age of landforms which provide maximum ages for artefacts 
which occur on them. 
These approaches are considered in this chapter.  
6.2 Chronologies for assemblages in nearby rock shelters 
6.2.1  Summary of the Eastern Regional Sequence 
Change over time in stone artefact assemblages has been documented from rock 
shelter sites in the Greater Sydney Region and beyond for more than 70 years 
(Hiscock and Attenbrow 2005a:1). Various changes have been identified and 
discussed by many researchers (especially Attenbrow 2004:73-75, Attenbrow et al. 
2009; Baker 1992; Haglund 1989; Hiscock 1986; Hiscock and Attenbrow 2005a; 
Koettig 1985; Kohen 1986; Kohen et al. 1984; McCarthy 1976; McDonald 2008; Rich 
1993b; Stockton and Holland 1974). The changes have been termed the Eastern 
Regional Sequence (ERS), although the naming of phases and approximate 
P a g e  | 168 
 
 
chronologies adopted by some researchers tend to differ (Table 81). McDonald 
(2008:35-41) provides a recent compilation, which is summarised here with some 
additional comments: 
 In the Pre-Bondaian phase IMSTC was preferred for artefacts, with stone 
probably obtained from the Hawkesbury-Nepean River gravels (McDonald 2008) 
and Rickabys Creek Formation (Figure 42, section 4.3.2). At sites distant from 
IMSTC sources, quartz and unheated silcrete were also used. Unifacial flaking 
was the predominant technique. Ground stone and backed artefacts were 
absent (McDonald 2008:39) or less frequent than in later phases (Hiscock and 
Attenbrow 1998). 
 In the Early-Bondaian phase the preference for IMSTC declined and more use 
was made of local raw materials, backed artefacts were uncommon, bipolar 
flaking occurred widely but was rare at individual sites. Unifacial and bifacial 
flaking were the predominant core flaking patterns (McDonald 2008:39). Tools 
tend to be thicker than in later phases (Kohen et al. 1984; Rich 1993b). 
 The Middle-Bondaian was the main phase of backed artefact production at rock 
shelters. Stone raw materials varied between sites (McDonald 2008:39). Cores 
and tools became smaller, asymmetric flaking with platform faceting was 
sometimes used (Baker 1992; Hiscock 1986:43-44; Kohen et al. 1984), bipolar 
flaking increased and ground artefacts appeared but were infrequent 
(Attenbrow 2004:73), occurring at only half of sites (McDonald 2008:39). 
 In the Late-Bondaian phase backed artefact production declined and became 
rare, or absent in coastal sites. Bipolar artefacts became more frequent and 
ground stone was a little more frequent (Attenbrow 2004:73; McDonald 
2008:35-41,349-350). Flaking of quartz increased (Corkill 1999:132-134). Bipolar 
flaking of silcrete increased at Mill Creek site 11 (Koettig 1985:49) and was used 
to flake various raw material types at Bull Cave (Miller 1983). 
As described, the ERS involved a combination of change in raw material 
preferences, core flaking patterns (unifacial, bifacial, asymmetric and bipolar), and 
implement types (especially backed artefacts, also edge-ground implements). 
Changes in artefact discard rates have also been described (Attenbrow 2004).  
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Table 81  Chronological phases for the Greater Sydney Region and approximate time spans. 
ERS Phase and 
chronology BP,  
McDonald 2008:39 
ERS Phase and 
chronology BP,  
Kohen 1986:319-322 
UMCC Phase and 
chronology BP,  
Attenbrow 2004:72-73 
Cumberland Plain Phases 
and chronology calBP 
Pre-Bondaian: 
30,000 – c.8,000 Pre-Bondaian: 
15,000 – 4,000 
UMCC Phase 1: 
c.11,200 – c.5,000 
CP Phase 1: 
> 30,000 to c.7,000 
Early Bondaian: 
8,000 – 4,000 
CP Phase 2A: 
 
c.7,000 – 
c.1,500 
CP Phase 
2: 
 
c.7,000 – 
European 
contact 
UMCC Phase 2: 
c.5,000 – c.2,800 
Middle Bondaian: 
4,000 – 1,000 
Early Bondaian: 
4,000 – 3,000 
Middle Bondaian: 
3,000 – 1,000 
UMCC Phase 3: 
c.2,800 – c.1,600 
CP Phase 2B:  
c.1,500 – 
European 
contact 
UMCC Phase 4: 
c.1,600 – c.110 
Late Bondaian: 
1,000 to European 
contact 
Late Bondaian: 
1,000 to 1788 AD 
Notes to table: ERS = Eastern Regional Sequence; UMCC = Upper Mangrove Creek Catchment. 
 
However, the ERS may not be a unified scheme which applies to all sites or areas 
across south-east Australia. A review of the ERS is provided by Hiscock and 
Attenbrow (2005a:1-11). An issue they identify which is relevant to the Greater 
Sydney Region, is the presence of inter-site variation in the timing and relative 
frequencies of artefact types. They argue that the uniformity of temporal trends 
within a region should be demonstrated rather than assumed, and that change may 
have been gradual rather than occurring in abruptly defined phases (Hiscock and 
Attenbrow (2005a:2-7). The difficulty of assigning rock shelter assemblages to 
particular phases (Val Attenbrow, personal communication 3 July 2017) is evident in 
the various dating schemes which different researchers have attempted to apply 
(Table 81). Various issues include: 
 Identifying which artefact types or attributes changed over time (Hiscock and 
Attenbrow 2005a); 
 Whether artefact sample sizes are sufficient to describe changes – an issue 
encountered during the current research; 
 The resolution (accuracy) of the timing of change, given the likelihood of 
artefact and charcoal movement through deposits (e.g. Richardson 1996, 2010a; 
Stockton 1973) and the inherent inaccuracy (± error ranges) of radio-carbon or 
luminescence age determinations; 
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 Whether changes in raw material types, artefact types and core flaking 
technology formed a package of contemporary changes which could be assigned 
to discrete phases. Continuous change, non-contemporary change or change 
related to local context could account for variation between sites and variation 
between dating of phases by different researchers. 
In my view, the changes occurred in several aspects of stone technology, which 
intersect at different spatial scales and at different times. They involve the sub-
continental scale of backed artefact technology which was adopted across most of 
the Australian mainland (Hiscock 2008:149) and widespread recent increase in 
bipolar flaking (Mulvaney and Kamminga 1999:292), combined with regional 
changes in raw material use (sections 6.5 and 11.3), local changes in land use 
(Attenbrow 2004), change in the way technology was organised, variation between 
individual flaking and discard activities and geomorphic processes which may have 
affected the survival of deposits and the nature of assemblages. Variations between 
regions may arise due to differing natural distributions of lithic raw materials, or 
major differences in economy such as coast versus hinterland (Hiscock and 
Attenbrow 2005a:2; McDonald 2008:39). At catchment scales several sites may 
show broadly similar sequences (e.g. Upper Mangrove Creek Catchment, Attenbrow 
2004). At a smaller scale, variation between sites may be due to occupation under 
specific social, weather or other conditions which affect daily life and contribute 
variation to individual artefact discard activities. In this view, individual sites are the 
nexus at which processes operating at different spatial scales and occurring at 
different times intersect (cf. Marston et al. 2005:425; Sellet 2006). Ultimately each 
site may have a unique history (cf. Shiner 2008), especially if assemblages are 
differently affected by geomorphic or other processes. The resolution of age 
determinations, the time spans of deposits (Stern 2008, 2015), and sample size of 
assemblages, also influence depictions of change or stability. 
The current study recognises change over time on the Cumberland Plain, compiles 
broad chronologies for this and examines how change over time has affected the 
nature of silcrete artefact assemblages. All phases of the Eastern Regional Sequence 
cannot be identified so this study identifies Pre-Bondaian as Phase 1 and Bondaian 
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as Phase 2 with a late phase present on some sites which is here referred to as 
Phase 2B (Table 81). While I use the term ‘phase’ It is not known whether changes 
were abrupt or gradual, nor whether change in raw materials and artefact types 
were contemporary. Improved dating of assemblages may be able to address these 
matters in the future. 
6.2.2  Rock shelter assemblages within 10km of the Cumberland Plain  
Rock shelters located within 10km of the Cumberland Plain may have been 
occupied by people from the Cumberland Plain or by people who maintained social 
ties with people on the Cumberland Plain (section 11.3. Artefact assemblages from 
these rock shelters could potentially contribute to a chronology of change on the 
Cumberland Plain, particularly within the last few thousand years.  
Nineteen rock shelters have been excavated in this area, not including the Lower 
Blue Mountains (Figure 87, Appendix 8). The assemblage data reported here are not 
always the full counts provided in the original reports. For Bull Cave, only squares D 
and F provide complete sequences (Miller 1983). For Mill Creek 11 square 1 
provides a complete sequence with three age determinations (Koettig 1985). The 
data for Darling Mills site DMSF2 is limited to the assemblage recorded by Corkill 
(2000). 
Nearly half the excavations recovered or reported fewer than 500 artefacts. The 
paucity of artefacts could be related in part to the limited extent of some 
excavations and/or to an actual paucity of artefacts at some rock shelters. Only 
seven rock shelter sites have data for more than 500 artefacts, have reported raw 
material types and/or the numbers of backed and bipolar artefacts, and have age 
determinations (Appendix 8). Depth-age lines were drawn for these rock shelters 
during this study, to obtain a rough estimate of the age of artefacts from undated 
spits or phases (Appendix 8). Changes in the proportions of artefacts of quartz, 
silcrete and IMSTC, backed artefacts and bipolar artefacts at these rock shelters are 
considered next.  
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Figure 87  
Excavated rock 
shelters within 
10km of the 
Cumberland 
Plain. 
 
 
6.2.2.1. Change in the proportions of quartz artefacts 
Previous studies indicate that quartz artefacts occurred in rock shelters prior to the 
Late Holocene but increased in frequency over the last few thousand years (e.g. 
Attenbrow 2004; Corkill 1999; McDonald 2008).  
Two rock shelters within 10km of the Cumberland Plain have relatively long artefact 
sequences. These are Shaws Creek KII west of the Nepean River (Kohen et al. 1984), 
and DMSF2 within Darling Mills Creek catchment north of Parramatta (Attenbrow 
1992, 1993; Corkill 2000). Both shelters show a stready increase in quartz, 
particularly after c.1,000 calBP (top Figure 88), Appendix 8 Table 189). Four other rock 
shelters have shorter artefact sequences (bottom Figure 88). Mill Creek 11 (Koettig 
1985) shows a stready increase in proportions of quartz over time, and quartz 
makes up c.50% or more after c.1,500 calBP. At Bull Cave (Miller 1983) quartz is 
most frequent in spit 2, between c.800 and 1,200 calBP, then it decreases in the 
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upper spit. At Devlins Creek (Haglund 1995) quartz is most frequent between 1,300 
cand 1,600 calBP, then also decrease in upper spits. The proportions of quartz at 
Bardens Creek 9 (Attenbrow and Negerevich 1981) are high and did not vary (i.e. 
confidence intervals overlap).  
 
 
Figure 88  Proportions of quartz artefacts at rock shelters within 10km of the Cumberland Plain, 
84% confidence intervals. 
Note that Shaws Creek KII and DMSF2 (top row) cover much longer time spans than Bardens Creek 9, 
Bull Cave, Devlins Creek and Mill Ck 11 (bottom row). Approximate ages of spits as follows: 
Shaws Creek KII – Phase 1 150-1,000 calBP, Phase II 1,000-2,000 calBP, Pase III 2,000-4,000 calBP, Phase IV 
4,000-12,500 calBP, Phase V 12,500-17,000 calBP, Phase VI c17,000-19,000 calBP.  Darling Mills State Forest 2 – 
Spit 3 150-700 calBP, spit 4 700-1,200 calBP, spit 5 1,200-1,800 calBP, spit 6 1,800-3,300 calBP, spits 7 and 8 
possible interruption to accumulation, spit 9 6,500-7,00 calBP, spit 10 7,000-12,500 calBP, spits 11 to 13 
uncertain age.  Bardens Creek 9 – spit 1 150-1,300 calBP, spit 2 1,300-2,100 calBP, spit 3 2,100-3,200, spit 4 
>3,200 calBP, spits 5 to 8 unknown age.  Bull Cave – spit 1 150-800 calBP, spit 2 800-1,200 calBP, spit 3 1,200-
1,400 calBP, spit 4 1,400-1,500 calBP, spit 5 1,500-1,600 calBP, spit 6 1,600-2,000 calBP.  Devlins Creek – spit 7 
900-1,100 calBP, spit 8 1,100-1,300 calBP, spit 9 1,300-1,400 calBP, spit 10 1,400-1,500 calBP spit 11 1,500-1,600 
calBP.  Mill Creek 11 square 1 –spit 1 150-300 calBP, spit 2 300-500 calBP, spit 3 500-1,000 calBP, spit 4 1,000-
1,200 calBP, spit 5 1,200-1,500 calBP, spit 6 1,500-1,650 calBP, spit 7 1,650-1,800 calBP, spit 8 1,800-1,900 
calBP, spit 9 1,900-3,000 calBP, spits 10 and 11 >3,000 calBP. 
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Overall, the distributions suggest increased discard of quartz, or predominant use of 
quartz, within the last 1,500 years but with some variation including a late decrease 
in quartz at two of the six rock shelters.  
 
6.2.2.2. Change in the proportions of silcrete 
Data for the distribution of silcrete is available for six rock shelters (Figure 89, 
Appendix 8 Table A190). Silcrete is relatively rare at Shaws Creek KII near the Nepean 
River, but there was a slight increase in the proportion of silcrete after c.4,000 
calBP. At DMSF2 silcrete was infrequent then increased, but the age determinations 
provide only a rough indication of the timing of this. The proportions of silcrete 
declined after c.1,000 calBP. At Mill Creek 11 the proportions of silcrete decreased 
until c.1,500 calBP. At Bull Cave the proportions of silcrete decreased then 
increased after c.750 calBP. At Devlins Creek 1 the proportions of silcrete increased 
after c.1,250 calBP. At Bardens Creek 9 the proportions of silcrete were low and did 
not change substantially. 
Overall, the proportions of silcrete artefacts may have increased after c.4,000 calBP 
at rock shelters then decreased at some rock shelters after c.2,000–1,500 calBP, 
then increased again at two of the six rock shelters. The late increase at Bull Cave 
and Devlin’s Creek 1 may have been related to change in the early historic period, 
with people from the Cumberland Plain retreating into nearby sandstone country. 
Aboriginal drawings of bulls at Bull Cave attest to use of this site in the early historic 
period. 
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Figure 89  Proportions of silcrete artefacts at rock shelters within 10km of the Cumberland Plain, 
84% confidence intervals. 
Note that Shaws Creek KII and DMSF2 (top row) cover much longer time spans than Bardens Creek 9, 
Bull Cave, Devlins Creek and Mill Ck 11 (bottom row). Approximate ages of spits as follows: 
Shaws Creek KII – Phase 1 150-1,000 calBP, Phase II 1,000-2,000 calBP, Pase III 2,000-4,000 calBP, Phase IV 
4,000-12,500 calBP, Phase V 12,500-17,000 calBP, Phase VI c17,000-19,000 calBP.  Darling Mills State Forest 2 – 
Spit 3 150-700 calBP, spit 4 700-1,200 calBP, spit 5 1,200-1,800 calBP, spit 6 1,800-3,300 calBP, spits 7 and 8 
possible interruption to accumulation, spit 9 6,500-7,00 calBP, spit 10 7,000-12,500 calBP, spits 11 to 13 
uncertain age.  Bardens Creek 9 – spit 1 150-1,300 calBP, spit 2 1,300-2,100 calBP, spit 3 2,100-3,200, spit 4 
>3,200 calBP, spits 5 to 8 unknown age.  Bull Cave – spit 1 150-800 calBP, spit 2 800-1,200 calBP, spit 3 1,200-
1,400 calBP, spit 4 1,400-1,500 calBP, spit 5 1,500-1,600 calBP, spit 6 1,600-2,000 calBP.  Devlins Creek – spit 7 
900-1,100 calBP, spit 8 1,100-1,300 calBP, spit 9 1,300-1,400 calBP, spit 10 1,400-1,500 calBP spit 11 1,500-1,600 
calBP.  Mill Creek 11 square 1 –spit 1 150-300 calBP, spit 2 300-500 calBP, spit 3 500-1,000 calBP, spit 4 1,000-
1,200 calBP, spit 5 1,200-1,500 calBP, spit 6 1,500-1,650 calBP, spit 7 1,650-1,800 calBP, spit 8 1,800-1,900 
calBP, spit 9 1,900-3,000 calBP, spits 10 and 11 >3,000 calBP. 
6.2.2.3. Change in the proportions of IMSTC 
Some raw materials variously reported as chert or FGS (fine grained siliceous) may 
not be IMSTC (e.g. at Mill Creek 11, Koettig 1985). However, the available data 
indicates that high proportions of IMSTC occur at Shaws Creek KII before c.2,000 
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calBP (Figure 90, Appendix 8 Table A191). At DMSF2 a higher proportion of IMSTC occurs 
sometime during the Early Holocene. The proportions of IMSTC are lower in the 
upper spits of these two rock shelters. The rock shelters with shorter sequences 
have low proportions of IMSTC/FGS, usually less than 25%, as do most open sites on 
the Cumberland Plain.  
 
 
Figure 90  Proportions of IMSTC artefacts at rock shelters within 10km of the Cumberland Plain, 
84% confidence intervals. 
Note that Shaws Creek KII and DMSF2 (top row) cover much longer time spans than Bardens Creek 9, 
Bull Cave, Devlins Creek and Mill Ck 11 (bottom row). Approximate ages of spits as follows: 
Shaws Creek KII – Phase 1 150-1,000 calBP, Phase II 1,000-2,000 calBP, Pase III 2,000-4,000 calBP, Phase IV 
4,000-12,500 calBP, Phase V 12,500-17,000 calBP, Phase VI c17,000-19,000 calBP.  Darling Mills State Forest 2 – 
Spit 3 150-700 calBP, spit 4 700-1,200 calBP, spit 5 1,200-1,800 calBP, spit 6 1,800-3,300 calBP, spits 7 and 8 
possible interruption to accumulation, spit 9 6,500-7,00 calBP, spit 10 7,000-12,500 calBP, spits 11 to 13 
uncertain age.  Bardens Creek 9 – spit 1 150-1,300 calBP, spit 2 1,300-2,100 calBP, spit 3 2,100-3,200, spit 4 
>3,200 calBP, spits 5 to 8 unknown age.  Bull Cave – spit 1 150-800 calBP, spit 2 800-1,200 calBP, spit 3 1,200-
1,400 calBP, spit 4 1,400-1,500 calBP, spit 5 1,500-1,600 calBP, spit 6 1,600-2,000 calBP.  Devlins Creek – spit 7 
900-1,100 calBP, spit 8 1,100-1,300 calBP, spit 9 1,300-1,400 calBP, spit 10 1,400-1,500 calBP spit 11 1,500-1,600 
calBP.  Mill Creek 11 square 1 –spit 1 150-300 calBP, spit 2 300-500 calBP, spit 3 500-1,000 calBP, spit 4 1,000-
1,200 calBP, spit 5 1,200-1,500 calBP, spit 6 1,500-1,650 calBP, spit 7 1,650-1,800 calBP, spit 8 1,800-1,900 
calBP, spit 9 1,900-3,000 calBP, spits 10 and 11 >3,000 calBP. 
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Overall, there was a Late Pleistocene and Early Holocene reliance on IMSTC 
(Attenbrow 2010a:154; JMcD CHM 2005a:307-308; McDonald 2008:39-40; Williams 
et al. 2014) with decreased use during the Late Holocene. This scenario is 
demonstrated more strongly by the distributions at a few open sites with deep 
deposits (discussed below).  
6.2.2.4. Change in the proportions of backed artefacts  
For this review I assume that backed artefacts have been correctly identified, 
although this may not be the case (Hiscock 1993). Backed artefacts occur rarely at 
some rock shelters in the Greater Sydney Region during the Early Holocene (Hiscock 
and Atttenbrow 1998; Rich 1993b), but are thought to be most frequent during the 
Middle Bondaian phase of the ERS (Table 81, Attenbrow 2004; McDonald 2008). A 
‘backed artefact proliferation’ in the Sydney Basin has been allocated a short time 
span of c.3,500 BP to 2,200 BP (Hiscock 2002b, 2008:156-158).  
Data for the distribution of backed artefacts at rock shelters within 10km of the 
Cumberland Plain was compiled (Figure 91, Appendix 8 Table A192). The artefact sample 
from Devlins Creek is too small to analyse the distribution of backed artefacts, with 
only one possible backed artefact recovered and the confidence intervals for most 
spits overlapping. The artefact sample for Bardens Creek 9 spits 4 to 8 combined is 
also too small for analysis. At Bull Cave data for spits 3 to 6 is combined to increase 
sample size. 
 
Figure 91  Proportions of backed artefacts at rock shelters within 10km of the Cumberland Plain, 
84% confidence intervals. 
Shaws Creek KII – Phase 1 150-1,000 calBP, Phase II 1,000-2,000 calBP, Pase III 2,000-4,000 calBP, Phase IV 
4,000-12,500 calBP, Phase V 12,500-17,000 calBP, Phase VI c17,000-19,000 calBP.  Bardens Creek 9 – spit 1 150-
1,300 calBP, spit 2 1,300-2,100 calBP, spit 3 2,100-3,200, spit 4 >3,200 calBP, spits 5 to 8 unknown age.   
Bull Cave – spit 1 150-800 calBP, spit 2 800-1,200 calBP, spit 3 1,200-1,400 calBP, spit 4 1,400-1,500 calBP, spit 5 
1,500-1,600 calBP, spit 6 1,600-2,000 calBP.  Mill Creek 11 square 1 –spit 1 150-300 calBP, spit 2 300-500 calBP, 
spit 3 500-1,000 calBP, spit 4 1,000-1,200 calBP, spit 5 1,200-1,500 calBP, spit 6 1,500-1,650 calBP, spit 7 1,650-
1,800 calBP, spit 8 1,800-1,900 calBP, spit 9 1,900-3,000 calBP, spits 10 and 11 >3,000 calBP.  Henry Lawson 
Drive – almost all artefacts less than 1,000 years old (Hiscock 2003). 
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At most sites the proportions of backed artefacts are very low. At Shaws Creek KII 
backed artefacts make up slightly higher proportions of all artefacts in Phases II and 
III, dated from c.4,000 to c.1,100 calBP (Figure 91). At Mill Creek 11 backed artefacts 
occur in spits 5 and deeper, dated before c.1,200 calBP, but the proportions are so 
low that confidence intervals overlap. Bardens Creek 9 has a very low proportion of 
backed artefacts, associated with an age determination of c.1,700– 1,300 calBP. At 
Bull Cave confidence intervals for all samples overlap indicating any change is not 
statistically significant. The highest proportion of backed artefacts in a good sample 
size is for Henry Lawson Drive rock shelter (2.7% with confidence intervals of 2.3% – 
3.1%) and most of this assemblage is less than 1,000 years old (Hiscock 2003). 
Shaws Creek KII, and perhaps Mill Creek 11, are consistent with a proposed Late 
Bondaian decrease in the proportions of backed artefacts. Bardens Creek 9 and Bull 
Cave do not show changes in the proportions of backed artefacts. The relatively 
high proportion of backed artefacts at Henry Lawson Drive rock shelter within the 
last 1,000 years is not consistent with a Late Bondaian decrease in backed artefacts. 
Part of the difficulty in assessing trends over time in the proportions of backed 
artefacts relates to the small number of rock shelters with sequences more than 
4,000 years old and with good sample sizes. 
6.2.2.5. Change in proportions of bipolar artefacts 
Analysts have reported different kinds of data for bipolar artefacts – bipolar pieces 
for Bardens Creek 9 (Attenbrow and Negerevich 1981), modified bipolar artefacts 
for Bull Cave (Miller 1983), all bipolar artefacts for Devlins Creek (Haglund 1995), 
bipolar cores for Henry Lawson Drive (Hiscock 2003), bipolar cores for each spit and 
bipolar flakes for the phased sequence for Mill Creek 11 (Koettig 1985), and 
bipolar/scalar pieces for Shaws Creek KII (Kohen et al. 1984). Variation between 
sites in the types of bipolar artefacts which are reported means that the vertical 
distributions within individual sites can be considered, but proportions between 
sites cannot be compared.  
Analysis of the vertical distributions of bipolar artefacts is also complicated by small 
sample sizes. Many of the confidence intervals are relatively wide and overlap, even 
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when some spits are combined to increase sample sizes (e.g. Devlins Creek rock 
shelter (Appendix 8 Table 193). Four rock shelters have sufficient data to provide 
information on the chronological distribution of bipolar artefacts (Figure 92).  
Bipolar artefacts are most frequent in the upper phase or spits of three of the rock 
shelters. The distributions suggest a gradual increase, which becomes more 
noticeable within the last 2,000 to 1,000 years. This is roughly consistent with the 
Late Bondaian phase of the ERS as defined (see section 6.2.1).  
 
Figure 92  Proportions of bipolar artefacts at rock shelters within 10km of the Cumberland Plain, 
84% confidence intervals. 
Shaws Creek KII – Phase 1 150-1,000 calBP, Phase II 1,000-2,000 calBP, Pase III 2,000-4,000 calBP, Phase IV 
4,000-12,500 calBP, Phase V 12,500-17,000 calBP, Phase VI c17,000-19,000 calBP.  Bardens Creek 9 – spit 1 150-
1,300 calBP, spit 2 1,300-2,100 calBP, spit 3 2,100-3,200, spit 4 >3,200 calBP, spits 5 to 8 unknown age. 
Bull Cave – spit 1 150-800 calBP, spit 2 800-1,200 calBP, spit 3 1,200-1,400 calBP, spit 4 1,400-1,500 calBP, spit 5 
1,500-1,600 calBP, spit 6 1,600-2,000 calBP.  Mill Creek 11 square 1 –spit 1 150-300 calBP, spit 2 300-500 calBP, 
spit 3 500-1,000 calBP, spit 4 1,000-1,200 calBP, spit 5 1,200-1,500 calBP, spit 6 1,500-1,650 calBP, spit 7 1,650-
1,800 calBP, spit 8 1,800-1,900 calBP, spit 9 1,900-3,000 calBP, spits 10 and 11 >3,000 calBP. 
At Mill Creek 11 the proportions of bipolar cores in square 1 do not vary 
significantly over time; bipolar flaking of quartz was present throughout the 
sequence. However, the original analysis included bipolar flakes (raw data not 
available for analysis here) and specifically noted that bipolar flaking of silcrete 
increased dramatically after c.1,500 calBP (Koettig 1985:46-49). At Bull Cave bipolar 
artefacts are also of silcrete and ‘chert’ as well as quartz (Appendix C in Miller 
1983). The regional trend of increased bipolar flaking was not limited to flaking 
small quartz pebbles, but included flaking of various raw material types.  
6.2.2.6. Summary of rock shelter assemblages near the Cumberland Plain 
The rock shelter assemblages within 10km of the Cumberland Plain provide a 
regional model for change over time in stone artefact assemblages over the last few 
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thousand years; evidence for earlier changes are limited because most rock shelters 
have only short and fairly recent artefact sequences. 
 IMSTC artefacts may have been discarded more frequently during the Late 
Pleistocene and Early Holocene, but the available data for rock shelter DMSF2 
has only coarse temporal resolution; 
 Silcrete may have been discarded more frequently during the early part of the 
Late Holocene but the available data for rock shelter DMSF2 has only coarse 
temporal resolution. The discard of silcrete may have varied after c.2,000 calBP; 
 There may have been an increase in the discard of quartz after c.1,500 calBP at 
some sites, but this may not occur at all sites occupied during this phase; 
 Backed artefacts may have been discarded a little more frequently prior to 
c.2,000/1,500 calBP but Henry Lawson Drive has a regionally high proportion of 
backed artefacts after c.1,000 calBP. It should not be assumed that open sites 
with relatively high proportions of backed artefacts date to the Middle Bondaian 
phase or backed artefact proliferation; 
 Bipolar artefacts were more frequent after c.2,000 calBP, although there may 
have been some bipolar flaking prior to this. 
6.3 Dating cultural features and associated artefacts 
It has been argued that chronologies for open sites can be obtained by dating 
hearths (Holdaway et al. 2005a, 2005b; Hughes et al. 2014; Shiner 2009). But on the 
Cumberland Plain hearths have not commonly been found. Ground penetrating 
radar has been used to identify burnt features (e.g. GML Heritage 2016, in prep.) 
but many of these features are burnt tree stumps. An additional limitation is that 
hearths may provide an indication of the age of artefacts which are in direct 
association, but they will not indicate the age of other artefacts on a site (Holdaway 
et al. 2005a). 
6.3.1  Artefact assemblages directly associated with dated features 
Some projects on the Cumberland Plain have investigated burning/heating features 
to assess whether they may be cultural, natural or related to tree clearing in the 
historic phase. Balme et al. (2001:24) note that the heartwood of Eucalypt trees 
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could be 200 years or more older than the wood from outer branches. Wood from 
branches burned in a hearth could approximate the age of the hearth but 
heartwood burned in a tree stump could be substantially older than the date of 
burning. In this study I err on the side of caution and consider age determinations 
from features dated to more than 500 calBP. 
A list of radio-carbon dates from the Cumberland Plain is given in Appendix 7. Nine of 
the age determinations are from probable cultural features which date to more 
than 500 calBP. Of these, four have associated artefact assemblages:  
 EL/7A/F14/hearth/spit 2 is dated to 915 – 791 calBP (Wk-38541). A silcrete 
knapping concentration at which backed artefacts were made is spatially 
associated (GML Heritage 2016:139-140, Appendix E:84-92); 
 CRA/3-6/A/hearth is dated to 988 – 901 calBP (Wk-25427). A silcrete knapping 
concentration at which backed artefacts were made is spatially associated 
(JMcD CHM 2009b); 
 PK/CD1/AreaV/S16.A100 is dated to 1,175 – 804 calBP (Beta-66451). This is 
associated with a silcrete heat treatment feature and knapping concentration 
(McDonald and Rich 1993b, 1994; Rich 1993); 
 WGO3-2/T5 is dated to 1,605 – 1,346 calBP (Beta-120747). This is a probable 
hearth associated with a small assemblage dominated by silcrete with a few 
quartz and quartzite artefacts (JMcD CHM 1998:22-26). 
 
6.3.2  Artefact assemblages with stratigraphic associations with dated features 
Two sites have age determinations on features which have stratigraphic 
relationships to artefacts located above, below or adjacent to the feature. One of 
these sites is Parramatta site RTA-G1, discussed above (section 5.2.9). In summary,  
 The age determination of 5,050–4,840 calBP (Wk-17432) is associated with an 
assemblage dominated by silcrete, 
 The assemblage above a feature dated to 7,020–6,690 calBP (Wk-17434) is 
dominated by silcrete, while the assemblage below the feature is dominated by 
IMSTC, and 
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 The assemblage above a feature dated to 9,280–8,990 calBP (Wk-17433) is 
dominated by silcrete, while the assemblage below the feature is dominated by 
IMSTC. 
At East Leppington several features were dated but some are less than 500 years 
old and some have too few artefacts to characterise the artefact assemblages. 
However, the following stratigraphic relationship can be discerned: 
 EL/7A/F14/hearth/spit 2, noted above, dates to 915 – 791 calBP (Wk-38541). 
Most quartz artefacts in this excavation area occur in spit 1, above the age 
determination. 
 
6.4 Dating sediments, soils and artefacts therein 
6.4.1  Introduction 
On the Cumberland Plain, A horizon soils form the encasing sediments for artefacts 
so the time span (or particular phases of time) during which A horizon sediments 
accumulated set limits for the time span of the accumulated artefacts (sensu Stern 
1994, 2008). For the pedogenesis and the colluvial geogenesis models (see sections 
4.5.2.1 and 4.5.2.2) the time span of the total A horizon soil is relevant. For deposits 
with sequential deposition the total time span of the A horizon is relevant for the 
site as a whole, but shorter time spans or temporal phases may be relevant for 
assemblages subdivided into temporal units based on deposit depth or stratigraphy. 
Various methods have been used to estimate the age of encasing sediments.  
6.4.2  Time span of soil profile development 
It has been thought that the degree of soil horizon development may indicate 
something of the age of sediments (e.g. FitzPatrick 2006; Murphy and Duncan 2015; 
Walker and Coventry 1976; Young et al. 1987). Chittleborough et al. (1984) studied 
soil development on alluvial landforms associated with the Hawkesbury River at 
Richmond, and at three other streams in south-east Australia. Age determinations 
were obtained from charcoal or buried organic zones at the base of stratigraphic 
and A horizon units. Sediment profiles were classified into four types:  
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 Type 1 profiles were the youngest soils on modern alluvial landforms which 
show sedimentary layering with no soil horizon development. Two samples 
were undated and two dated within the last 300 years; 
 Type 2 profiles had uniform or weakly gradational texture profiles which 
disrupted alluvial sedimentary banding. Four age determinations dated to less 
than c.3,000 BP; 
 Type 3 profiles showed a moderate degree of texture contrast but with 
gradational boundaries between A and B horizons. Two age determinations 
were obtained, being c.3,700 BP and c.9,200 BP; and 
 Type 4 profiles had sharp textural breaks between A and B horizons, with a 
prominent bleached A2 horizon. Three age determinations were obtained, being 
between c.26,000 BP and c.29,000BP (Chittleborough et al. 1984).  
However, a recent study in north-west NSW indicates that the rate of texture-
contrast soil horizon development is related to multiple factors. On well-drained 
alluvial meander plains loamy sand to clay loam soils developed strong A and B 
horizon contrasts after c.5,000 to 10,000 years, and the effects were more 
pronounced in older profiles. But on backplains consisting of medium to heavy 
clays, which were less well drained, soil forming processes had minimal impact on 
the alluvial sediments, even after c.40,000 years (Murphy and Duncan 2015).  
Together these studies suggest that texture contrast soils (Type 3 and Type 4) could 
develop within a few thousand years, depending on the nature of the sediments 
and water in the profile. The degree of profile development may not be a reliable 
indicator of sediment age. 
6.4.3  OSL and TL dating of sediments 
OSL (optically stimulated luminescence) indicates the last time quartz, feldspar or 
calcite grains in sediments were exposed to light (Holdaway 2013). The methods 
have successfully been used in some open landscapes (e.g. Rhodes 2011; Rittenour 
2008; Tooth 2015). 
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If sediments were deposited sequentially, then upper recent sediments would have 
a younger age determination than deeper older sediments. If artefacts were 
deposited at the same time as the sediments, then the age of the sediments may 
indicate the age of the artefacts. 
However, soil scientists argue that OSL indicates the rate of sediment bioturbation, 
not age as such. Upper sediments can return young apparent ages because most 
sediments have been moved vertically to the ground surface by bioturbation and 
exposed to light. Deeper sediments can return older apparent ages because fewer 
sediments have reached the ground surface to be exposed to light (e.g. Heimsath et 
al. 2002) or because of contributions from weathering bedrock which have not been 
exposed to light. The effects of bioturbation have been demonstrated by a single-
grain OSL soil study near Port Macquarie (NSW) (Stockmann et al. 2013) and 
indicated by other studies which combine OSL age determinations with 
geomorphology (e.g. Richards 2009; Wilkinson et al. 2005).  
TL (thermoluminescence) dating is similar to OSL, also measuring the last time 
quartz or feldspar grains in sediments were exposed to heat or light. At site RS1 on 
the western Cumberland Plain, sediments have been dated by TL (Table 82, 
McDonald et al. 1996). A channel had cut through pre-existing sediments (being 
layers 6 and 7) and had filled with sediments (forming layers 3, 4 and 5, Table 82). 
Stratigraphically, the age determination for Layer 5 of the channel fill should have 
been younger than the age determination for the pre-existing sediments making up 
Layer 6. But the TL age determinations are in vertical order, youngest on the top 
and oldest on the bottom, contradicting the stratigraphic relationships of the 
sediments (McDonald et al. 1996:29,31-33).  
Table 82  TL age determinations for site RS1 test pit S20.A220. 
Depth Pre-existing sediments Channel infill Age determinations 
0-2cm Layer 1 - 
2-14/17cm Layer 2A Layer 2 - 
c.20cm  Layer 3: 3.9 ± 0.7 ka 3.9 ± 0.7 ka (W-1987) 
35cm Layer 6: 4.8 ± 0.4 ka Layer 4 4.8 ± 0.4 ka (W-1985) 
46cm  Layer 5: 6.7 ± 0.8 ka 6.7 ± 0.8 ka (W-1988) 
60cm Layer 7: 12.1 ± 0.8 ka 12.1 ± 0.8 ka (W-1986) 
Note to table. Data from McDonald et al. (1996:29,31-33). 
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The study suggested three possible explanations – i) that the deposits were affected 
by bioturbation such that the TL results indicate decreasing bioturbation with 
depth, ii) that the quartz grains were not fully discharged when deposited (e.g. 
coated in clay, not exposed to heat or light for a sufficient period on the surface), or 
iii) water movement through the deposits affected the background radiation 
(McDonald et al. 1996:61-62). Regardless of the reason for the discrepancy between 
the age determinations and the stratigraphy it is apparent that the TL results do not 
provide age determinations for any artefacts in this location. 
At site W6 in the Hunter Valley, north of the Cumberland Plain, a similar result was 
obtained from TL dating of sediments. A stratigraphically young sample within 
channel fill returned an older age than a higher sample from a stratigraphically 
older deposit (Fahey 1994:23-24). These two studies demonstrate that the vertical 
distribution of luminescene age determinations may not automatically indicate 
sediment age on archaeological sites.  
Luminescence methods are clearly useful in archaeology (e.g. Holdaway 2013; 
Rhodes et al. 2010) but on open sites it is important that the stratigraphic 
relationships of sediments and any artefacts contained within must be understood 
before it can be assumed that age determinations on sediments provide ages for 
stone artefacts. Warnings to this effect are usually included in luminescence reports 
(e.g. Toms 2014, 2015).  
6.4.4  An example: Dating the artefact assemblage from EL/3D  
East Leppington site EL/3+4+C is located on alluvium in the upper catchment of 
Bonds Creek. A detailed analysis of the sediments at EL/3 excavation area D was 
conducted and combined with age determinations (GML Heritage 2016). This 
information can be combined with artefact analysis to clarify the age of the artefact 
assemblage. 
A and B soil horizons had developed on the alluvium, with a darker organic silty 
loam A1 horizon, overlying a more pale silty loam A2 horizon which overlay an 
orange clay B horizon. These horizons resulted from pedogenesis of the alluvium 
(GML Heritage 2016:270-271). Particle size analysis indicates that the sediments are 
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all relatively fine grained and derived from weathering of shale within the local 
catchment. A slight increase in particle size with depth was attributed to the 
deposition of slightly coarser sediments, not entirely masked by pedogenesis (GML 
Heritage 2016:280-283).  
The deposit was excavated in 10cm spits. Spit 1 removed the A1 and the uppermost 
parts of the A2 where the interface between the A1 and A2 was uneven. Spits 2 and 
3 removed the A2 horizon, and spit 4 removed the upper part of the clay B horizon 
(GML Heritage 2016:271). 
A radio-carbon age determination of 3,447–3,367 calBP (Wk-41850) was obtained 
for charcoal from the surface of spit 2 (Table 83). OSL age determinations on aliquot 
samples were obtained for each 10cm spit (Table 83, GML Heritage 2016). The OSL 
age determinations for spits 1 and 2 are problematic (Toms 2014) while those for 
spit 3 (GL-13017) and spit 4 (GL-13018) are Terminal and Late Pleistocene in age. 
However, as discussed above it should not be assumed that the OSL age 
determinations provide dates for the artefact assemblage.  
 
Table 83  Selected age determinations from East Leppington site EL/3D (GML Heritage 2016 ; Toms 
2014). 
Lab Code Material Method Age Provenance Comments 
Wk-
41850 
charcoal AMS 3,176 ± 20 BP  
3,447 – 3,367 calBP 
EL/3D/4A, spit 
1/2 interface 
Charcoal layer between 
spits 1 and 2 
GL-13015 sediment OSL 4.0 ± 0.3 ka EL/3D spit 1 
Layer 1; determination 
unreliable 
GL-13016 sediment OSL 7.4 ± 0.8 ka EL/3D spit 2 
Layer 2; determination 
unreliable 
GL-13017 sediment OSL 11 ± 1 ka EL/3D spit 3 Layer 3 
GL-13018 sediment OSL 17 ± 1 ka EL/3D spit 4 Layer 4 
Note to table. OSL age determinations in red were reported as unreliable during the original dating 
(Toms 2014). 
The assemblage from EL/3D is dominated by silcrete (92%), includes backed 
artefacts, backing debitage and flakes with faceted platforms. These technological 
markers suggest that most of the assemblage is probably less than c.5,000 years old 
(section 6.5.4). Most artefacts occur in spit 2 and raw materials do not vary with 
depth. Some size sorting of artefacts with depth is present, with most artefacts in 
spits 1, 3 and 4 less than 15mm in maximum size, while larger artefacts tend to 
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occur in spit 2 (Table 84, Figure 93, GML Heritage 2016 Appendix E:48; chi-
squared=7.24, df=2, p=0.027 for artefacts >25mm in size, spits 3 and 4 combined). 
Limited conjoining was conducted to investigate the vertical distribution further 
(Table 85). Most conjoins are between artefacts in spit 2 (the spit in which most 
lithics occur). However, four of the six conjoin sets include artefacts from other 
spits, indicating some vertical movement of artefacts through the deposit.  
 
Table 84  Artefact size with depth at site EL/3D (GML Heritage 2016 Appendix E:45,48). 
Spit Maximum size in mm Total  
≤10 10.5-
15 
15.5-
20 
20.5-
25 
25.5-
30 
30.5-
35 
35.5-
40 
40.5-
45 
45.5-
50 
>50 
Spit 1 11 6 3 1 1 - - - - 1 23 
Spit 2 29 60 44 20 13 16 4 2 1 2 191 
Spit 3 13 26 7 2 2 1 - 1 - 1 53 
Spit 4 - 6 1 1 - - - - - - 8 
Total 53 98 55 24 16 17 4 3 1 4 275 
 
 
Figure 93  Artefact 
size with depth at 
EL/3D, by % 
frequency. 
 
Table 85  East Leppington EL/3D vertical distribution of conjoin sets, backed artefacts and backing 
debitage (GML Heritage 2016). 
Conjoin Set Spit 1 Spit 2 Spit 3 Spit 4 Total  
#1 - 6 1 1 8 
#2 1 2 - - 3 
#3 - 3 - - 3 
#4 - 2 - - 2 
#5 - 1 1 - 2 
#6 - 1 - 1 2 
Total conjoined artefacts 1 15 2 2 20 
Backed artefacts and 
backing debitage 
2 9 1 - 12 
Total artefacts 23 191 53 8 275 
0% 20% 40% 60% 80% 100%
Spit 1
Spit 2
Spit 3
Spit 4
% Artefacts 
≤15 mm 
15.5-20 mm
20.5-25 mm
>25 mm
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The distributions of all artefacts, conjoining artefacts and size distribution with 
depth indicate that the assemblage was probably associated with spit 2 sediments 
but there has been some vertical displacement of small artefacts upwards into spit 
1 and downwards into spits 3 and 4. 
As most artefacts occur below the radiocarbon determination they may be more 
than c.3,300-3,500 years old, although this is not certain. The nature of the 
assemblage indicates it is less than c.7,000 years old, given the predominance of 
silcrete artefacts (section 6.5.2). It may be less than c.5,000 years old, given the 
relative abundance of backed artefacts, although this is less certain (section 6.5.4). 
Artefacts from spits 3 and 4 were probably not related in time to the OSL age 
determinations obtained for these spits. 
The OSL age determinations indicate that alluvium was deposited along Bonds 
Creek during the Late Pleistocene, probably including the LGM. This area was 
occupied by people during the Late Holocene, after c.7,000 calBP and possibly after 
c.5,000 calBP. Either the alluvium was not occupied earlier or artefacts and 
sediments discarded prior to the Late Holocene were removed by erosional flooding 
of the landform. 
This example shows how multiple lines of evidence – geomorphic, chronological and 
artefactual – can be used to resolve questions about the association of artefacts 
with sediments and age determinations. 
6.4.5  Towards improved chronologies for open sites  
The association of artefacts with age determinations on charcoal or sediments 
should be considered for each individual site, before it is assumed that artefacts are 
the same age as the dates. This issue is being included in parallel doctoral research 
(by Norma Richardson) for sand deposits in the region. However, some suggestions 
for improved dating of the sediments which encase artefacts on open site are 
suggested here.  
Future studies should aim to establish the nature of sediment deposition – whether 
deposited as a single unit or deposited sequentially – and the possible effects of 
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pedogenesis on those deposits. This is important for establishing how artefacts 
came to be distributed vertically through a deposit – whether raw material 
sequences are present because older artefacts survive as a lag or whether raw 
material sequences result from sequential deposition of sediments and artefacts. If 
older artefacts occurred as a lag and were then buried under newly deposited 
sediments the age of artefacts may be unrelated to the age of sediments. If 
artefacts and sediments were deposited sequentially then the age of artefacts could 
be related to the age of sediments, depending on the effects of bioturbation.  
 Geomorphic investigations should seek to establish how the sediments which 
encase artefacts were deposited (e.g. aeolian, alluvium, colluvium), whether the 
deposit consists largely of a single contemporary unit, or whether the sediments 
were deposited sequentially; 
 The vertical distribution of the size and quantity of naturally occurring stone, 
charcoal and artefacts could be compared, to assess whether these materials 
have been subject to the same or different processes of vertical movement in 
deposits; 
 The vertical distribution of artefacts could be analysed to assess whether size 
sorting has been a factor, although this would need to take into account any 
technological change in artefact size over time; 
 The vertical distribution of artefacts could be analysed according to raw material 
types (or other robust temporal indicators) to add an indication of chronological 
phase if possible; 
 Conjoining could be conducted to indicate the vertical spread of artefact 
displacement; 
 Scattered charcoal could be collected for radio-carbon (C14) dating, allowing for 
multiple age determinations to indicate the possible time span of accumulation; 
and 
 If OSL age determinations are obtained they should be subject to single grain 
analysis if possible and the spread of each age determinations with depth 
through the sediments should be examined (as conducted by Stockmann et al. 
2013). Ideally, paired OSL and C14 dating could be used. 
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6.5 Chronologies for raw material sequences 
Evidence for the timing of changes in raw materials, backed artefacts and bipolar 
artefacts are considered here.  
6.5.1  Age determinations for early use of IMSTC  
Several studies identify predominant use of IMSTC prior to c.7,000 calBP (Table 86). 
These include studies at Pitt Town (Williams et al. 2012, 2014), Windsor Museum 
(Austral Archaeology 2011), and Parramatta (JMcD CHM 2005c). Sites RH/CC2 and 
RH/CD7 also have substantial deep IMSTC assemblages although they are undated. 
Rock shelter DMSF2 has a higher proportion of IMSTC, sometime before c.5,500–
5,000 calBP (Figure 90, section 6.2.2.3). Other rock shelter sequences do not provide 
more precise age determinations. 
For open sites the most secure age determinations for early preferential use IMSTC 
are from Parramatta site RTA-G1, where assemblages dominated by IMSTC date to 
more than 9,000 calBP (Wk-17433) and some may be as young as c.7,000 cal BP 
(Wk-17434) (section 5.2.9, JMcD CHM 2005c). This chronology is similar to the OSL 
age determination of 7.9 ± 0.8 ka (GL-10005) from Pitt Town site 12 pit C10 spit 12 
which provides the youngest published age determination for an assemblage 
dominated by IMSTC at that site (Williams et al. 2012:92; Williams et al. 2014). At 
Pitt Town this age determination may indicate the age of artefacts because aeolian 
deposition in this sand body may have sequentially buried the artefacts (Williams et 
al. 2014). 
Together, the available age determinations for sites RTA-G1, Pitt Town 12 and 
DMSF2 suggest that IMSTC was used more frequently before c.7,000 calBP. This 
period is roughly equivalent to the Pre-Bondaian of the Eastern Regional Sequence 
as defined by McDonald (2008) (Table 81).  
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Table 86  Age determinations for raw material sequences.  
Age determinations Increased IMSTC in 
deeper deposit 
Silcrete dominant Increased Quartz in 
upper deposit 
DMSF2 (Wk-2511, Wk2963) 
12,377-11,272 calBP 
7,837-7,425 calBP 
- - 
Mill Ck 11 (SUA-2257, SUA-2259) - 
2,919 – 2,742 calBP 
2,309 – 1,929 calBP 
- 
Devlins Ck (Beta-76605) - <1,342 – 1,178 calBP - 
Shaws Ck KII (Beta-1212, 1213, 
1307 
- - 1,988-1,085 calBP 
Bardens Ck 9 (SUA-1746) - - 1,733-1,331 calBP 
DMSF2 (Wk-2962) - 
> 1,551 – 1,350 
calBP 
< 1,551-1,350 calBP 
Bull Cave (SUA-2107) - < 1,175 – 792 calBP 1,175-792 calBP 
Mill Ck 11 (SUA-2255, SUA-2258) - - 
979-768 calBP  
647-498 calBP 
Pitt Town 12-A(2) (GL-11076) 47 ± 3 ka - - 
Pitt Town 12-A(2) (GL-11075) 36 ± 3 ka - - 
Pitt Town 12-A(2) (GL-11074, GL-
11077) 
21 ± 2 ka - - 
Pitt Town 12-A(2) (GL-11073) 17 ± 2 ka - - 
Pitt Town 12-A(2) (GL-11072) ≥ 12 ± 1 ka - - 
Pitt Town 12-C10 (GL-10005) 7.9 ± 0.8 ka < 7.9 ± 0.8 ka  - 
Pitt Town 12-C10 (GL-10004) - 4.7 ± 0.6 ka - 
RTA-G1 (Wk-17433) >9,280-8,990 calBP - - 
RTA-G1 (Wk-17434) >7,020-6,690 calBP ≤7,020 – 6,690 calBP - 
RTA-G1 (Wk-17432) - 5,050 – 4,840 calBP - 
PK/CD1 Heat T. pit (Beta-66451) - 1,175 – 804 calBP - 
EL/3D/4A spit ½ interface (Wk-
41850) 
- 3,447 –3,367 calBP - 
EL/7A/F14 Hearth (Wk-38541) - 915 – 791 calBP < 915-791 calBP 
CRA/3-6/A Hearth (Wk-25427) - 988-901 calBP - 
Possible chronology > c.7,000 calBP < c.7,000 calBP ≤ c.1,500 calBP 
Notes to table. Rock shelters in upper part of table, open sites in lower part of table. *calibration for 
Beta-66453 is 93.7%. The OSL age determination for EL/12A spit 1 OSL (GL-14075) should be 
accepted with caution because it may have been affected by bioturbation. 
 
6.5.2  Age determinations for assemblages dominated by silcrete  
On the Cumberland Plain most assemblages are dominated by silcrete and include 
backed artefacts. Most rock shelters within 10km of the Cumberland Plain have only 
short sequences, most accumulating only within the last 3,000 years or so. Silcrete 
is predominant at four rock shelters within this period, with some fluctuations (Table 
86, Figure 89). 
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At rock shelter DMSF2, silcrete is most frequent between c.4,000 and 1,500 calBP 
(Figure 89, section 6.2.2.2; Attenbrow 1992, 1993; Corkill 2000). At shelters with 
shorter sequences, silcrete makes up differing proportions after c.2,500 calBP, 
variously decreasing and increasing at different sites (Figure 89). 
On the Cumberland Plain various age determinations are associated with 
predominant use of silcrete. At RTA-G1 silcrete is predominant in an assemblage 
associated with an age determination of 5,050–4,840 calBP (Wk-17432), common in 
an assemblage associated with 7,020–6,690 calBP (Wk-17434) but younger than 
9,280–8,990 calBP (Wk-17433) (Figure 70, Figure 71, Figure 72, Table 86; JMcD CHM 
2005c). A hearth directly associated with a silcrete knapping concentration at 
CRA/3-6 dates to 988-901 calBP (Wk-25427) (JMcD CHM 2009b) and another at 
EL/7 dates to 915-791 calBP (Wk-38541) (GML Heritage 2016). A silcrete heat 
treatment and knapping concentration at PK/CD1 is dated to 1,175-804 calBP (Beta-
66451) (McDonald and White 1994). 
At other sites the association of artefacts with age determinations is less certain. At 
East Leppington site EL/3D the assemblage dominated by silcrete is probably older 
than charcoal dated to 3,447–3,367 calBP (Wk-41850) (section 6.4.4). At Pitt Town 
site 12 silcrete is relatively uncommon but increases in frequency above spit 12, 
dated by OSL to 7.9 ± 0.8 ka (GL-10005, Williams et al. 2012:92). Silcrete is the 
predominant raw material type in spits 1 to 10, including the age determination of 
4.7 ± 0.6 ka for spit 6 (GL-10004, Williams et al. 2012), although the sample size is 
small (n=194 artefacts for 10 spits) and age determinations may have been affected 
by modern land disturbance (Williams et al. 2012). 
The available evidence suggests that predominant use of silcrete on the 
Cumberland Plain probably dates from c.7,000 calBP and continued until the 
historic period. Rock shelter sequences with finer chronological resolution indicate 
that the proportions of silcrete artefacts may have fluctuated after c.2,500 calBP. 
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6.5.3  Age determinations for recent increased use of quartz  
The review of shelter sites indicates that the proportions of quartz artefacts 
probably increased after c.1,500 calBP, with a very recent decrease within the last 
few hundred years at some sites (section 6.2.2.1). 
Increased proportions of quartz in the upper deposits occur at seven open sites in 
the current study and at least two other sites (PK/CD1/ii, Rich 1993a and Penrith 
Lakes 9, Comber 2010b). However, I have located only one relevant age 
determination from open sites. At East Leppington site EL/7 a hearth below spit 1 is 
dated to 915-791 calBP (Wk-38541). Most of the small quartz assemblage at this 
site occurred in spit 1 (Table 60), suggesting that most quartz artefacts may have 
been younger than the age determination. An OSL age determination of 1.7 ± 0.1 ka 
(GL-14075) for spit 1 at East Leppington site EL/12 (GML Heritage2016) could have 
been affected by bioturbation; although the OSL age determination is consistent 
with a late increase in the proportions of quartz at rock shelters. 
6.5.4  Age determinations for backed artefacts on the Cumberland Plain  
In the Greater Sydney Region, backed artefacts occur rarely In the Early Holocene 
(Hiscock and Attenbrow 1998; Rich 1993b) and are usually thought to be more 
frequent during the Middle Bondaian phase (or backed artefact proliferation phase, 
section 6.2.1). Few rock shelter sites with age determinations and with sufficient 
artefacts to analyse the temporal distribution of backed artefacts are located within 
10km of the Cumberland Plain (section 6.2.2.4). Two of four rock shelters show an 
increase in backed artefacts within the period roughly c.4,000 BP to c.1,500 BP 
(Shaws Creek KII and probably Mill Creek 11). However, the single highest 
proportion of backed artefacts at a site with a good sample size is Henry Lawson 
Drive rock shelter, where most backed artefacts date to less than 1,000 calBP 
(Hiscock 2003).  
On the Cumberland Plain there have been few opportunities to date backed 
artefacts. At CRA/3-6/A and EL/7/A hearths are associated with silcrete knapping 
concentrations at which backed artefacts were made. These hearths have age 
determinations of c.1,049–800 calBP (Wk-25427) and c.900–800 calBP (Wk-38541) 
P a g e  | 194 
 
 
for two instances of production of silcrete backed artefacts (Table 87). A third age 
determination is a for a heat treatment pit with associated silcrete flaking and 
backed artefacts. This feature provides a similar age range of c.1,200–800 calBP 
(McDonald et al. 1994; McDonald and Rich 1994). 
 
Table 87  Age determinations for backed artefacts on the Cumberland Plain. 
Site Age determination Backed artefact associations Reference 
Henry Lawson 
Drive 
870±95BP (SUA-59) 958 – 
665 calBP 
Most backed artefacts <1,000 calBP. Hiscock 2003 
Mill Creek 11 2,110±70BP (SUA-2257) 
2,309 – 1,929 calBP 
2,690±50BP (SUA-2259) 
2,919 – 2,742 calBP 
Backed artefacts present in spits 5 to 
9 
Koettig 1985, 
1990 
Shaws Ck KII 1,580±190 BP (Beta-1307) 
1,930 – 1,085 calBP to 
2,235±120 BP (Beta-1210) 
2,698 – 2,511 calBP 
Backed artefacts most frequent in 
Phases II and III 
Kohen et al. 
1984; Nanson et 
al. 1987 
EL/7/Area A 925 ± 20 BP (Wk-38541) 
915 – 791 calBP 
Hearth in direct association with a 
silcrete knapping concentration at 
which backed artefacts were made 
(n=16 were recovered) 
GML Heritage 
2016 
CRA/3-6/  
Area A 
1,020 ± 34 BP (Wk-25427) 
1,049 to 800 calBP 
Hearth in direct association with a 
silcrete knapping concentration at 
which backed artefacts were made 
(n=20 were recovered) 
JMcD CHM 
2009b 
PK/CD1/ 
S16.A100 
1,070 ± 60 BP (Beta-
66451) 
1,175 to 804 calBP 
Heat treatment pit with silcrete 
knapping debris and backed 
artefacts 
Rich 1993a; 
McDonald et 
al. 1994 
EL/03D/ 
between spits 
1and 2 
3,176 ± 20 BP (Wk-41850)  
3,447 – 3,367 calBP 
Most assemblage with backed 
artefacts below this age 
determination 
GML Heritage 
2016:139 
RTA-G1 3,270 ± 35 BP (Wk-17436) 
3,576 – 3,403 calBP 
Associated with a backed artefact JMcD CHM 
2005c:108-
109,111 
RTA-G1 
Feature 
4,433 ± 35 BP (Wk-17432) 
5,279 – 4,875 calBP 
Associated with a backed artefact JMcD CHM 
2005c:111,114 
RTA-G1 
Feature 
6,078 ± 54 BP (Wk-17434) 
7,156 – 6,793 calBP 
All but one backed artefact is 
younger than this age determination 
JMcD CHM 
2005c:115-116 
Pitt Town 12-
A(2) 
12 ± 1 ka (GL-11072) One backed artefact found in spit 10 
just below this age determination, 
others found higher in deposit. 
Williams et al. 
2014 
Pitt Town 12 7.9 ± 0.8 ka (GL-10005) Deepest backed artefact at this 
location is associated with this age 
determination 
Williams et al. 
2012 
Pitt Town 12 4.7 ± 0.6 ka (GL-10004) Largest number of backed artefacts 
associated with this age 
determination but others also found 
above and below. 
Williams et al. 
2012 
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At EL/3D most backed artefacts occurred below charcoal dated to 3,447–3,367 
calBP (Wk-41850) (see section 6.4.4, GML Heritage 2016). 
At Parramatta site RTA-G1 most backed artefacts occur above 20cm depth with one 
at 20-40cm depth (JMcD CHM 2005a). The deeper backed artefact measures nearly 
20mm long and may not have been displaced vertically, suggesting that it may be 
relatively old. It was within 6m of, and stratigraphically younger than, a charcoal 
feature dated to 7,156–6,793 (Wk-17434). Three age determinations were obtained 
for features located within a metre of backed artefacts. One backed artefact was 
found at 0-20cm depth in square 46E 61N. A charcoal feature in this and adjacent 
squares and at a similar depth is dated to 3,576–3,403 calBP (Wk-17436). One 
backed artefact was found at 0-20cm depth in square 60E 57N, adjacent to a 
charcoal feature which extended from 13-33cm depth. This feature is dated to 
5,279–4,875 calBP (Wk-17432) and stratigraphically similar in age or older than the 
backed artefact. Two backed artefacts were found at 0-20cm depth near a deeper 
older charcoal feature dated to 7,156–6,793 (Wk-17434). The evidence indicates 
that most backed artefacts at RTA-G1 are probably younger than c.5,000 calBP 
although one may be older. 
At Pitt Town 12-A(2), the deepest backed artefact occurs in spit 10, just below the 
age determination of 12 ± 1 ka (GL-11072) obtained for spit 9 (Williams et al. 2014). 
If the sediment age determination accurately indicates the age of artefacts this age 
determination would make the backed artefact the oldest for the Greater Sydney 
Region. Backed artefacts were found in spit 2 to spit 8 on this part of Pitt Town 12, 
but no age determinations were obtained for those spits. 
At Pitt Town 12 the deepest backed artefact occurs in spit 13, just below an age 
determination of 7.9 ± 0.8 ka (GL-10005) (Williams et al. 2012). Backed artefacts 
occur in most spits above this, although the largest number occur in spit 7, 
associated with an age determination of 4.7 ± 0.6 ka (GL-10004) (Williams et al. 
2012).  
A few other age determinations have been obtained on loose charcoal occurring in 
sediments which include knapping concentrations at which backed artefacts were 
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made. Loose charcoal in contact with artefacts at the OWR7 knapping concentration 
dates to 4,834–4,383 calBP (Beta-66450) (McDonald 1993b; McDonald and Rich 
1993b). Loose charcoal at a knapping concentration at RH/CD7 (square S50.A160) 
dates to 5,598–5,085 calBP (Beta-66453) (McDonald and Rich 1993b). At Power 
Street Bridge, an assemblage which includes silcrete backed artefacts occurs in 
alluvium (possibly stratified) which included charcoal dated to 6,994–6,635 calBP 
(NZA-3112) (McDonald 1993a). The nature of the association of these age 
determinations with these knapping concentrations could be co-incidental because 
the charcoal could have been displaced vertically or horizontally from other 
contexts (e.g. by bioturbation).  
Based on the available evidence backed artefacts may have rarely been present on 
the Cumberland Plain from the terminal Pleistocene or beginning of the Early 
Holocene (12±1 ka, GL-11072). The type probably became more frequent after 
c.5,000 calBP (GL-10004, Wk-17432, Wk-17436) and continued to be made into the 
early part of the last millennium (SUA-1231, Wk-25427, Wk-38541) and perhaps 
later. The available evidence does not indicate that backed artefacts were more 
frequent during a Middle Bondaian phase nor during a period defined as the 
‘backed artefact proliferation’ of c.3,500 to c.2,200 BP (Hiscock 2008:157).  
6.5.5  Age determinations for silcrete bipolar artefacts on the Cumberland Plain  
Assemblages from rock shelters indicate that the proportions of bipolar artefacts 
increased after c.2,000 calBP (section 6.2.2.5, Figure 92). 
The distribution of silcrete bipolar artefacts with depth of deposit for nine open 
sites on the Cumberland Plain is analysed here. The small numbers of silcrete 
bipolar artefacts at five sites limits the utility of bipolar artefacts as a temporal 
marker (sites ADI/CP4, EL/6, EL7, EL12 and RH/CD7/Bridge/B, Table 88). Three sites 
have slightly higher proportions of silcrete bipolar artefacts in upper deposits, being 
AAS6+AAS6W, ADI/CP1/OA2 and EL/10B+10C. These sites do not have age 
determinations which can provide chronologies for the bipolar assemblages. 
However, increased silcrete bipolar artefacts in upper deposits are consistent with 
the trend at rock shelters. 
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Table 88  Bipolar silcrete artefacts in spit excavations at open sites on the Cumberland Plain. 
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AAS6+ 6W 
0-20cm 25 1,421 1.8 1.3 – 2.3 3.63, 
df=1 
.057 
20-50cm 2 416 0.5 0 – 1.1 
ADI/CP1 /OA2 
0-10cm 9 139 6.5 3.3 – 9.6 4.66, 
df=1 
.031 
10-30cm 5 237 2.1 0.6 – 3.6 
ADI/CP4 
shallow squares 
0-10cm 6 759 0.8 0.3 – 1.3 
n/a n/a 
>10cm 1 234 0.4 0 – 1.4 
EL/6 all 
0-10cm 4 617 0.6 0.1 – 1.2 
n/a n/a 
10-30cm 2 819 0.2 0 – 0.6 
EL/7 all 
0-10cm 3 433 0.7 0 – 1.4 
n/a n/a 
10-30cm 1 431 0.2 0 – 0.8 
EL/8 all 
0-10cm 4 173 2.3 0.4 – 4.2 1.14, 
df=1 
.286 
10-30cm 11 260 4.2 2.4 – 6.1 
EL/10B+10C 
0-10cm 13 123 10.6 6.5 – 14.6 3.44, 
df=1 
.064 
10-30cm 12 229 5.2 3.0 – 7.4 
EL/12 all 
0-10cm 4 116 3.4 0.6 – 6.3 
n/a n/a 
10-30cm 2 232 0.9 0 – 2.0 
RH/CD7 
/Bridge/B 
0-20cm 3 207 1.4 0 – 2.9 
n/a n/a 
20-60cm - 332 0 0 – 0.6 
One site with sufficient artefact samples (EL/8) does not have a higher proportion of 
bipolar artefacts in the upper spit, although this site has a relatively high proportion 
of bipolar silcrete artefacts overall (3.5%, confidence interval 2.2% to 4.8%). If 
bipolar flaking of silcrete increased during the most recent phase then much of the 
silcrete assemblage from EL/8 may be relatively recent. 
6.5.6  Summary chronology for raw material sequences 
The available information provides a very coarse grained chronology for change on 
the Cumberland Plain, but it is sufficient to indicate that some sites may have 
different histories of artefact accumulation. 
Where Deeper IMSTC Sequences are present (increased proportion of IMSTC 
artefacts in deeper deposits) artefact accumulation probably commenced sometime 
before c.7,000 calBP, with additional silcrete artefacts accumulated after that time.  
Where Deeper IMSTC Sequences are absent and assemblages are dominated by 
silcrete, artefacts probably accumulated sometime after c.7,000 calBP. 
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Where Upper Quartz Sequences are present artefacts probably accumulated after 
c.1,500 calBP as well as during earlier times.  
Where Deeper IMSTC Sequences and Upper Quartz Sequences are both present, 
artefacts accumulated through multiple phases of time, from before c.7,000 calBP, 
after this time and after c.1,500 calBP. 
This rough chronology can be combined with site-specific information to plot the 
possible time spans or phases of artefact accumulation on each site (Figure 94). The 
estimates of the phases of artefact accumulation do not take into account the 
possibility of infrequent visitation to sites, periods of abandonment nor periods 
when artefacts may have been removed by erosion. However, they do show that 
some sites have different histories (cf. Shiner 2008, 2009). Further, the estimated 
phases of artefact accumulation on sites can be compared to the timing of other 
changes in the Greater Sydney Region, including the introduction and increased use 
of edge-ground implements, change in art styles (Mangrove Creek Art Sequence, 
McDonald 2008:249; Upper Nepean Art Sequence, Dibden 2011:169) and climate 
change as indicated by pollen from wetlands.  
Based on the available evidence, it is not possible to identify the four subdivisions of 
the Eastern Regional Sequence defined for rock shelters (Table 81). On the 
Cumberland Plain, Phase 1 occurred before c.7,000 calBP and equates roughly to 
the Pre-Bondaian phase identified by McDonald (2008), but finishes earlier than the 
Pre-Bondaian phase identified by Kohen (1986) and UMCC Phase 1 identified by 
Attenbrow (2004). Cumberland Plain Phase 2 occurred after c.7,000 calBP, and 
equates roughly to the Bondaian Phase of McDonald (2008). At some sites Phase 2 
can be subdivided into Phase 2A and Phase 2B. Phase 2B is marked by increased 
quartz artefacts, and possibly by increased silcrete bipolar artefacts, in upper 
deposits. This may equate roughly to the Late Bondaian Phase but may start earlier 
than that identified by McDonald (2008) and Kohen (1986) but similar to UMCC 
Phase 4 identified by Attenbrow (2004). Phase 2B may have run concurrent with 
Cumberland Plain Phase 2 at some sites, but this could be related to the limited 
available data which can be used to identify Phase 2B. Future research may be able 
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to provide other assemblage markers, improved chronologies and more precise site 
histories. 
 
 
Figure 94  Indicative time spans of artefact accumulation on sites. 
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7.0 Artefact analysis in relation to Raw Material Sequences 
7.1 Introduction 
This chapter analyses the nature of silcrete assemblages in relation to the 
presence/absence of Deeper IMSTC and Upper Quartz Sequences. The results 
suggest that the phases of time during which artefacts accumulated influences the 
nature of time-averaged silcrete artefact assemblages. 
The methods used to identify and record artefacts are given above (section 3.2), as 
are the statistical tests used to assess the distributions (section 2.7). The nature of 
change to silcrete assemblages is established by analysing silcrete artefacts from 
the upper and deeper deposits of two roughly stratified sites – Parramatta site RTA-
G1 and Rouse Hill site RH/CC2 (section 7.2). Then silcrete assemblages from the 28 
sites assessed for raw material sequences are analysed in relation to the 
presence/absence of Deeper IMSTC Sequences (section 7.3) and Upper Quartz 
Sequences (section 7.4). 
7.2 Chronological change in artefact assemblages at RTA-G1 and RH/CC2 
7.2.1  Introduction 
Parramatta site RTA-G1 is located on the Parramatta Sand and has a roughly 
stratified deposit with age determinations (JMcD CHM 2005c). It is described briefly 
above (section 5.2.9). Site RH/CC2 is located on a sandstone lower slope and also 
has a roughly stratified deposit (JMcD CHM 2005a). It is also described briefly above 
(section 5.2.10). The silcrete assemblages from these two sites are analysed here to 
clarify the nature of change to silcrete assemblages over time. The analysis 
concentrates on silcrete artefacts, so that the results can be compared to other 
silcrete assemblages from the Cumberland Plain. The analysis excludes artefacts 
5mm in maximum size or less, because the assemblage from RH/CC2 was recovered 
using a smaller mesh than that for RTA-G1. Consequently the counts given here 
differ from those given in the original archaeological reports. The analysis in this 
section is also restricted to artefacts recovered from controlled vertical excavation 
and does not include artefacts from vertically unprovenanced contexts. 
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Consequently the counts given here differ from those given for the total site 
samples (Appendix 11).  
Chi-squared and/or Fisher exact tests were calculated for artefact distributions at 
each site (Table 89). Confidence intervals are attached to the artefact proportions 
(Table 90 and following).  
Table 89  Results of statistical tests – Vertical distribution of artefacts at RTA-G1 and RH/CC2. 
Variables Site Pearson’s chi-
squared co-efficient 
Pearson’s chi-
squared probability 
Fisher exact 
probability (PA) 
% Silcrete 
artefacts 
RTA-G1 708.88, df=2 <.001 n/a 
RH/CC2 927.8, df=2 <.001 n/a 
% Broken silcrete 
artefacts 
RTA-G1 4.47, df=1 .034 n/a 
RH/CC2 1.91, df=2 .175 n/a 
% MNI Cores 
RTA-G1 0.36, df=1 .549 .655 
RH/CC2 2.79, df=1 .095 n/a 
% Backed MNI 
RTA-G1 11.83, df=1 <.001 <.001 
RH/CC2 4.71, df=1 .030 n/a 
% Bipolar 
artefacts 
RTA-G1 n/a n/a n/a 
RH/CC2 8.92, df=1 .003 n/a 
% Complete 
artefacts >30mm  
RTA-G1 13.28, df=1 <.001 <.001 
RH/CC2 0.02, df=1 .888 .903 
% Cortical 
artefacts 
RTA-G1 5.71, df=1 .017 n/a 
RH/CC2 2.44, df=1 .119 n/a 
% Wide flakes 
RTA-G1 2.47, df=1 .116 .138 
RH/CC2 7.3, df=1 .007 .009 
% Elongate flakes 
RTA-G1 3.7, df=1 .054 .078 
RH/CC2 3.12, df=1 .077 .081 
% Plain platforms 
RTA-G1 7.74, df=1 .005 .006 
RH/CC2 .290, df=1 .590 .593 
% Faceted 
platforms 
RTA-G1 n/a n/a .045 
RH/CC2 2.66, df=1 .103 .144 
% Focal platforms 
RTA-G1 3.46, df=1 .040 .082 
RH/CC2 .08, df=1 .777 .844 
Notes to table.Statistical tests conducted on artefacts in the upper units (0-20cm for RTA-G1 and Top 
unit for RH/CC2) versus artefacts from all other units (20-100cm for RTA-G1 and Middle+Bottom 
units for RH/CC2). Tests were calculated using VassarStats online calculator at 
http://vassarstats.net/tab2x2.html. Bold and shading highlight statistically significant results. 
 
7.2.2  Analysis of silcrete artefacts from RTA-G1 and RH/CC2 
At both sites silcrete artefacts are most frequent in the upper unit of deposit and 
less frequent below this (Table 90). The proportions in the deepest deposits are low.  
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At RTA-G1 the proportion of broken artefacts of the total silcrete sample in the 
upper 20cm of sediments (78%) is a little higher than in deeper deposits (74%, Table 
91) but this difference is minor. The proportions do not vary with depth at RH/CC2.  
At RH/CC2 the proportions of silcrete MNI cores are higher in the Top unit than in 
the deeper units combined (Table 92). The vertical distribution at RTA-G1 is not 
statistically significant, suggesting that the increase in core discard could have 
occurred within the last c.2,000 years or so (i.e. the most recent assemblage having 
been lost from RTA-G1 during building demolition and contamination removal).  
Table 90  Vertical distribution of silcrete artefacts at RTA-G1 and RH/CC2. 
Site Depth or unit Silcrete 
artefacts 
Total 
artefacts 
% Silcrete 
artefacts 
84%  confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 1,219 1,578 77.2 75.8 – 78.7 
20-40cm 648 1,181 54.7 52.8 – 56.9 
40-100cm 124 700 17.7 15.7 – 19.7 
Total 1,991 3,459 57.6 56.4 – 58.7 
RH/CC2 
Top 2,282 2,848 80.1 79.1 – 81.2 
Middle 1,212 1,622 74.7 73.2 – 76.2 
Bottom 319 1,053 30.3 28.3 – 32.3 
Total 3,813 5,523 69.0 68.2 – 69.9 
 
Table 91  Vertical distribution of broken silcrete artefacts at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Broken silcrete 
artefacts 
Total silcrete 
artefacts 
% Broken 
artefacts 
84%  confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 953 1,219 78.2 76.5 – 79.8 
20-40cm 472 648 
74.1 71.9 – 76.3 
40-100cm 98 124 
RH/CC2 
Top 1,732 2,282 75.9 74.6 – 77.2 
Middle 941 1,212 77.6 76.0 – 79.3 
Bottom 250 319 78.4 75.1 – 81.6 
 
Table 92  Vertical distribution of silcrete MNI cores at RTA-G1 and RH/CC2. 
Site Depth or unit Silcrete 
MNI cores 
Total silcrete 
MNI 
% MNI 
Cores 
84%  confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 11 497 2.2 1.2 – 3.2 
20-40cm 9 301 
2.9 1.5 – 4.2 
40-100cm 1 48 
RH/CC2 
Top 32 998 3.2 2.4 – 4.0 
Middle 9 511 
1.8 1.1 – 2.6 
Bottom 3 138 
Note to table. MNI = minimum number of individuals. 
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At both RTA-G1 and RH/CC2 the proportions of silcrete backed MNI are higher in 
the upper units than in the deeper units (Table 93).  
At RH/CC2 the proportion of silcrete bipolar artefacts is higher in the Top unit than 
in the deeper units (Table 94). RTA-G1 did not show an increase in the proportions of 
bipolar artefacts in the upper spit. Most silcrete bipolar artefacts may have been 
lost from this site when the upper-most sediments were removed. 
 
Table 93  Vertical distribution of silcrete backed MNI at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Silcrete backed 
MNI 
Total silcrete 
MNI 
% Backed 
MNI 
84%  confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 20 497 4.0 2.7 – 5.3 
20-40cm 1 301 
0.3 0 – 1.0 
40-100cm - 48 
RH/CC2 
Top 37 998 3.7 2.8 – 4.6 
Middle 11 511 
1.8 1.1 – 2.6 
Bottom 1 138 
Note to table. MNI = minimum number of individuals. 
 
Table 94  Vertical distribution of silcrete bipolar artefacts at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Silcrete bipolar 
artefacts 
Total silcrete 
artefacts 
% Bipolar 
artefacts  
84%  confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 3 1,219 0.2 0 – 0.5 
20-40cm 1 648 
0.1 0 – 0.4 
40-100cm - 124 
RH/CC2 
Top 23 2,282 1.0 0.7 – 1.3 
Middle 1 1,212 
0.2 0 – 0.4 
Bottom 2 319 
At RTA-G1 complete artefacts more than 30mm in maximum size are less frequent 
in the upper 20cm of sediments than below 20cm depth (Table 95). At RH/CC2 the 
proportions of complete artefacts more than 30mm in maximum size do not vary 
with depth of deposit. The assemblage was recovered using 2mm minimum mesh 
size so this may be a factor contributing to the lack of pattern; a higher proportion 
of large artefacts in deeper deposits may have been off-set by the downward 
displacement of small artefacts recovered by smaller mesh.  
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At RTA-G1 silcrete cortical artefacts are less frequent in the upper 20cm of 
sediments and more frequent below 20cm depth (Table 96). The distribution at 
RH/CC2 is not statistically significant.  
Shape is analysed for complete flakes more than 10mm in maximum size. At 
RH/CC2 silcrete wide flakes are less frequent in the Top unit than in the Middle and 
Bottom units combined (Table 97). At RTA-G1 silcrete wide flakes appear to be less 
frequent in the upper 20cm of deposit than deeper, but the distribution is not 
statistically significant. 
Silcrete elongate flakes appear to be more frequent in the upper units of both sites 
(Table 98) but the confidence intervals overlap slightly, and the distributions are 
significant only at the 0.10 level (Table 89).  
 
Table 95  Vertical distribution of silcrete complete artefacts >30mm in size at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Silcrete complete 
artefacts >30mm 
Total silcrete 
complete 
artefacts 
% Complete 
artefacts 
>30mm 
84%  
confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 22 266 8.3 5.8 – 10.7 
20-40cm 35 176 
19.8 15.8 – 23.8 
40-100cm 5 26 
RH/CC2 
Top 48 561 8.6 6.9 – 10.2 
Middle 24 271 
8.8 6.6 – 11.0 
Bottom 6 69 
 
 
Table 96  Vertical distribution of silcrete cortical artefacts at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Silcrete artefacts 
with cortex 
Total silcrete 
artefacts 
% Cortical 
artefacts 
84% confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 53 1,219 4.3 3.5 – 5.2 
20-40cm 42 648 
6.9 5.6 – 8.2 
40-100cm 11 124 
RH/CC2 
Top 84 2,282 3.7 3.1 – 4.2 
Middle 51 1,212 
4.7 3.9 – 5.5 
Bottom 21 319 
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Table 97  Vertical distribution of silcrete wide flakes at RTA-G1 and RH/CC2. 
Site Depth or unit Wide silcrete 
flakes 
Total silcrete 
flakes 
% Wide 
flakes 
84% confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 82 167 49.1 43.7 – 54.5% 
20-40cm 77 128 
58.0 52.3 – 63.8% 
40-100cm 6 15 
RH/CC2 
Top 98 260 37.7 33.5 – 41.9% 
Middle 75 154 
50.5 45.4 – 55.7% 
Bottom 19 32 
Table 98  Vertical distribution of silcrete elongate flakes at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Elongate silcrete 
flakes 
Total silcrete 
flakes 
% Elongate 
flakes 
84% confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 13 167 7.8 4.7 – 10.8% 
20-40cm 4 128 
2.8 0.5 – 5.1% 
40-100cm - 15 
RH/CC2 
Top 26 260 10.0 7.3 – 12.7% 
Middle 8 154 
5.4 2.9 – 7.9% 
Bottom 2 32 
Platform type was recorded for flakes and proximal broken flakes more than 10mm 
in size. At RTA-G1 plain platforms are less frequent in the upper 20cm of sediments 
than below 20cm depth (Table 99). The proportions of plain platforms do not vary at 
RH/CC2. 
Faceted platforms are infrequent at both sites. At RTA-G1 they occur only in the 
upper 20cm of sediments (Table 100). At RH/CC2 most faceted platforms occur in the 
Top Unit but the distribution is not statistically significant (Table 89).  
At RTA-G1 focal platforms are more frequent in the upper 20cm of deposit (Table 
101). The proportions of focal platforms do not vary with depth at RH/CC2. 
 
Table 99  Vertical distribution of silcrete plain platforms at RTA-G1 and RH/CC2. 
Site Depth or unit Plain silcrete 
platforms 
Total silcrete 
platforms 
% Plain 
platforms 
84% confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 88 231 38.1 33.6 – 42.6 
20-40cm 80 149 
52.1 46.7 – 57.4 
40-100cm 8 20 
RH/CC2 
Top 185 421 43.9 40.6 – 47.3 
Middle 107 232 
46.0 42.0 – 50.1 
Bottom 27 59 
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Table 100  Vertical distribution of silcrete faceted platforms at RTA-G1 and RH/CC2. 
Site Depth or 
unit 
Faceted silcrete 
platforms 
Total silcrete 
platforms 
% Faceted 
platforms 
84% confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 7 231 3.0 1.3 – 4.8 
20-40cm - 149 
0 0 – 1.1 
40-100cm - 20 
RH/CC2 
Top 14 421 3.3 2.0 – 4.6 
Middle 3 232 
1.4 0.2 – 2.5 
Bottom 1 59 
 
Table 101  Vertical distribution of silcrete focal platforms at RTA-G1 and RH/CC2. 
Site Depth or unit Focal silcrete 
platforms 
Total silcrete 
platforms 
% Focal 
platforms 
84% confidence 
intervals 
Parramatta 
RTA-G1 
0-20cm 56 231 24.2 20.3 – 28.2 
20-40cm 22 149 
16.6 12.5 – 20.6 
40-100cm 6 20 
RH/CC2 
Top 76 421 18.1 15.4 – 20.7 
Middle 43 232 
18.9 15.7 – 22.1 
Bottom 12 59 
 
7.2.3  Summary of change to silcrete assemblages at RTA-G1 and RH/CC2 
Analysis of the vertical distributions of silcrete artefacts at sites RTA-G1 and RH/CC2 
identifies variation with depth of deposit at one or both sites for most artefact 
variables. Some trends would probably have been stronger with larger numbers of 
silcrete artefacts from the Bottom unit of RH/CC2 and if the youngest artefacts had 
not been removed from RTA-G1 during modern site clearing. The lack of variation 
between upper and lower assemblages at one or both sites could also have been 
influenced by other factors, such as where sites are positioned relative to distance 
from quarries (section 8.4) and stream order (section 9.4.2). The variations are: 
 At both sites the proportions of silcrete artefacts are higher in the upper deposit 
than in the deeper deposit; 
 At RH/CC2 the proportions of MNI cores are higher in the upper deposit than in 
the deeper deposit; 
 At both sites, the proportions of backed MNI are higher in the upper deposit 
than in the deeper deposit; 
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 At RH/CC2 the proportion of bipolar artefacts is higher in the upper deposit than 
in the deeper deposit; 
 At RTA-G1 the proportion of complete artefacts more than 30mm in size is 
higher in the deeper deposit than in the upper deposit; 
 At RTA-G1 the proportion of cortical artefacts is higher in the deeper deposit 
than in the upper deposit; 
 At RH/CC2 the proportion of wide flakes is higher in the deeper deposit than in 
the upper deposit. The proportions of elongate flakes tend to show the opposite 
trend, but more weakly; 
 At RTA-G1 the proportion of plain platforms is higher in the deeper deposit than 
in the upper deposit; 
 At RTA-G1 the proportion of faceted platforms is a little higher in the upper 
deposit than in the deeper deposit; and 
 At RTA-G1 the proportion of focal platforms is higher in the upper deposit than 
in the deeper deposit.  
These changes can be explained by reference to the two components of silcrete 
reduction outlined in chapter 3.0 – a general process of reduction during which 
large cortical pieces of silcrete were reduced to smaller artefacts which usually lack 
cortex, and reduction associated with backed artefact production. 
The deepest assemblages indicate a reliance on IMSTC with silcrete used to 
augment stone supplies. Use of silcrete then increased over time, although whether 
this was a gradual change, or an abrupt change with artefacts dispersed vertically by 
post-depositional processes, is not known. At RTA-G1 the deeper assemblage 
includes a higher proportion of large artefacts and cortical artefacts, indicating that 
some silcrete was discarded early in the reduction continuum. A higher proportion 
of plain platforms indicates a preference for unifacial flaking.  
The upper assemblages indicate a reliance on silcrete, accompanied by: 1. Increased 
flaking of silcrete towards the small end of the reduction continuum and, 2. By 
some adoption of backed artefact technology. The first component is indicated by 
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increased production of flakes with focal platforms at RTA-G1, by increased discard 
of MNI cores (probably from increased core nesting), and by increased bipolar 
flaking at RH/CC2. The second component is indicated by increased backed MNI, 
elongate flakes and faceted platforms in the upper deposits. 
Another issue arising from the substantial nature of change over time which occurs 
at RTA-G1 and/or RH/CC2 is time-averaging. If the archaeological record consists 
only of assemblages from the upper deposits (0-20cm at RTA-G1 or the Top unit at 
RH/CC2) then the sites would have substantially different proportions of some 
artefact variables than if the assemblages were only from the deeper deposits. 
Change over time is a potential factor influencing the proportions of artefact 
variables analysed in this research. 
7.3 Artefact analysis in relation to Deeper IMSTC Sequences 
This section analyses artefact assemblages from 28 sites in relation to the presence 
or absence of Deeper IMSTC Sequences and Upper Quartz Sequences. The sites are 
listed in Appendix 9. Details of ordinal regression are given in Appendix 15. 
The analysis here is conducted in two ways. Firstly, the numbers of sites with low, 
moderate or high proportions of each artefact variable are counted. The 
distribution of sites lacking raw material sequences is compared to the distribution 
of sites with raw material sequences. The second set of analyses give pooled counts 
of all artefacts from sites lacking raw material sequences compared to sites with 
raw material sequences. Proportions of the artefact variable are calculated for the 
pooled data and confidence intervals calculated for those proportions. The analyses 
are therefore based on site data, and pooled non-site data.  
The results of statistical tests are given on Table 102, with statistically significant 
distributions highlighted. These distributions relate to backed artefacts and backed 
MNI (minimum number of individuals), cortical artefacts, wide flakes and faceted 
platforms. Complete artefacts more than 30mm in size have a weak association. 
These distributions are examined below. 
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Where Deeper IMSTC Sequences are present, sites tend to have lower proportions 
of backed artefacts and backed MNI (which take breakage into account) and higher 
proportions when Deeper IMSTC Sequences are absent (Table 103, Table 104). Site 
samples accumulated only during Phase 2 tend to have higher proportions of 
backed artefacts. This is consistent with the presence of higher proportions of 
backed MNI in the upper deposits at the stratified sites of RTA-G1 and RH/CC2 (Table 
93). Backed artefacts and backed MNI tend to make up lower proportions in site 
samples accumulated during both Phase 1 and Phase 2. Time-averaging reduces the 
proportions of backed artefacts and backed MNI at these sites.  
 
 
Table 102  Results of statistical tests – Presence or absence of Deeper IMSTC Sequences.  
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% Silcrete artefacts  28 .007 .683 - .117 .554 .546 
% Silcrete MNI  28 .058 .228 - .255 .174 .365 
% Broken artefacts  24 .059 .258 .271 .201 .060 
% Cores  24 .027 .449 - .167 .455 .435 
% MNI Cores  24 .000 .975 - .007 .975 .977 
% Backed artefacts  24 .359 .002 - .625 <.001 .015 
% Backed MNI  24 .258 .013 - .500 .009 .035 
% Bipolar artefacts  25 .034 .384 - .173 .410 .642 
% Artefacts >30mm (mesh) 24 .000 1.00 .000 1.00 .772 
% Complete artefacts >30mm (mesh) 20 .126 .124 .360 .102 .059 
% Cortical artefacts  28 .150 .046 .393 .031 .039 
% Wide flakes  22 x x .455 .019 .056 
% Elongate flakes  20 .064 .280 - .260 .262 .110 
% Plain platforms  24 .066 .229 .264 .226 .175 
% Faceted platforms  25 x x - .422 .030 .128 
% Focal platforms  14 .000 .985 - .020 .945 .564 
Note to table. ‘x’ indicates distributions which fail the assumption of proportional odds (parallel 
lines). 
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Table 103  %Backed artefacts and Deeper IMSTC Sequences. 
Deeper 
IMSTC  
sequence 
% Backed artefacts at sites Total 
sites 
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f 0 – 
1.6% 
1.8 – 
2.6% 
2.9 – 
9.5% 
Absent 1 4 7 12 1,274 47,883 2.7  2.6 – 2.8 
Present 8 2 2 12 660 34,689 1.9 1.8 – 2.0 
Totals 9 6 9 24 1,934 82,572 2.3 2.3 – 2.4 
 
Table 104  %Backed MNI and Deeper IMSTC Sequences. 
Deeper 
IMSTC  
sequence 
% Backed MNI at sites Total 
sites 
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f 0 – 
4.0% 
4.4 – 
5.7% 
6.1 – 
9.1% 
Absent 2 5 5 12 1,027 18,253 5.6 5.4 – 5.9 
Present 8 2 2 12 546 12,429 4.4 4.1 – 4.7 
Totals 10 7 7 24 1,573 30,682 5.1 4.7 – 5.3 
Where Deeper IMSTC Sequences are present, there is a weak tendency for sites to 
have higher proportions of complete artefacts more than 30mm in maximum size 
(Table 105). At site RTA-G1 the deeper silcrete assemblage also has a high proportion 
of larger artefacts than the younger assemblage (Table 95). People may have tended 
to discard higher proportions of larger silcrete artefacts at some sites during Phase 
1, leading to higher proportions of complete large silcrete artefacts when time 
averaged assemblages include Phase 1 and Phase 2 artefacts. 
Table 105  %Complete artefacts >30mm and Deeper IMSTC Sequences. 
Deeper 
IMSTC 
sequence 
% Complete artefacts 
>30mm  
Total 
sites 
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4.7 – 
11.5% 
12.4 – 
15.9% 
19.7 – 
29.1% 
Absent 4 4 2 10 823 5,512 14.7 14.3 – 15.6 
Present 1 5 4 10 801 4,445 18.0 17.2 – 18.8 
Total 5 9 6 20 1,624 9,957 16.3 15.8 – 16.8 
Where Deeper IMSTC Sequences are present, sites tend to have higher proportions 
of cortical artefacts (Table 106). At site RTA-G1 the deeper silcrete assemblage also 
has a higher proportion of cortical artefacts than the upper assemblage (Table 96). 
There may have been a tendency for the discard of higher proportions of cortical 
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silcrete artefacts during Phase 1, leading to higher proportions of cortical silcrete 
artefacts when time averaged assemblages include Phase 1 and Phase 2 artefacts.  
Table 106  %Cortical artefacts and Deeper IMSTC Sequences. 
Deeper 
IMSTC 
sequence 
% Cortical artefacts at sites Total 
sites 
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0.8 – 
3.3% 
3.5 – 
4.7% 
5.0 – 
15.1% 
Absent 7 7 2 16 2,269 49,483 4.6  4.5 – 4.7 
Present 2 5 5 12 1,912 34,689 5.5 5.3 – 5.7 
Totals 9 12 7 28 4,181 84,172 5.0 4.7 – 5.1 
Where Deeper IMSTC Sequences are present, sites tend to have higher proportions 
of wide flakes (Table 107). Wide flakes also tend to be more frequent in the deeper 
deposits of site RH/CC2 (Table 97). There may have been a tendency for the discard 
of higher proportions of wide silcrete flakes during Phase 1, leading to higher 
proportions of wide silcrete flakes when time averaged assemblages include Phase 
1 and Phase 2 artefacts. 
Table 107  %Wide flakes and Deeper IMSTC Sequences. 
Deeper 
IMSTC 
sequence 
% Wide flakes at sites Total 
sites 
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28.6 – 
33.9% 
34.7 – 
41.9% 
42.7 – 
65.9% 
Absent 5 4 3 12 1,765 4,499 39.2 38.2 – 40.3 
Present - 5 5 10 1,350 3,160 42.7 41.5 – 44.0 
Totals 5 9 8 22 3,115 7,659 40.7 39.9 – 41.5 
Where Deeper IMSTC Sequences are absent, some sites have high proportions of 
faceted platforms (Table 108). A slightly higher proportion of faceted platforms also 
occurs at RTA-G1 in the upper deposit (Table 100). There may have been more 
platform faceting during Phase 2, leading to higher proportions of faceted platforms 
when time averaged assemblages include only Phase 2 artefacts. 
The statistically significant distributions involve some of the artefact variables which 
show change at sites RTA-G1 and/or RH/CC2. Sites lacking Deeper IMSTC Sequences 
tend to have higher proportions of backed MNI, lower proportions of large artefacts 
(>30mm in size), lower proportions of cortical artefacts and higher proportions of 
faceted platforms. These differences parallel the changes at the two roughly 
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stratified sites. The proportions of these artefact variables tend to be higher when 
artefacts accumulated only or largely within Phase 2. The proportions of these 
artefact variables tend to be lower when artefacts accumulated during Phase 1 and 
Phase 2.  
Table 108  %Faceted platforms and Deeper IMSTC Sequences. 
Deeper 
IMSTC 
sequence 
% Faceted platforms at sites Total 
sites 
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0 – 5.9% 
6.3 – 
9.9% 
10.5 – 
14.8% 
Absent 4 3 6 13 761 8,285 9.2 8.7 – 9.6 
Present 6 6 - 12 394 5,917 6.7 6.2 – 7.1 
Totals 10 9 6 25 1,155 14,202 8.1 7.8 – 8.5 
Together, the statistically significant distributions point largely to the adoption of 
technology associated with bulk production of backed artefacts during Phase 2 
(section 3.3.3 and 3.4.3). Sites lacking Deeper IMSTC Sequences tend to have higher 
proportions of backed artefacts and debitage relating to backed artefact 
production, especially faceted platforms on unmodified artefacts. Some of these 
sites have low proportions of wide flakes. It is notable that wide flakes return 
stronger statistical results than elongate flakes but this could be due to the 
preferential removal of elongate flakes for the production of backed artefacts. Sites 
lacking Deeper IMSTC Sequences also tend to have lower proportions of cortical 
artefacts. This indicates a tendency for more extensive reduction (more late stage 
reduction) at sites whose assemblages accumulated during Phase 2. Phase 2 
involved change in two components of silcrete technology – more extensive flaking 
along the reduction continuum and the adoption of technology associated with the 
bulk production of backed artefacts. 
7.4 Analysis in relation to Upper Quartz Sequences  
Site assemblages tend to form trends in relation to the presence or absence of 
Upper Quartz Sequences for the proportions of silcrete artefacts and silcrete MNI, 
cores and MNI cores, and weakly for bipolar artefacts (Table 109).  
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Where Upper Quartz Sequences are present sites have low proportions of silcrete 
artefacts and silcrete MNI (Table 110). This seems logical, as increased proportions of 
quartz are used here to identify the presence of Upper Quartz Sequences.  
Table 109  Results of statistical tests – Presence or absence of Upper Quartz Sequences.  
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% Silcrete artefacts  28 .315 .002 - .500 .001 .002 
% Silcrete MNI  28 .439 <.001 - .536 <.001 .002 
% Broken artefacts  24 x x - .167 .468 .665 
% Cores  24 .184 .039 .368 .020 .022 
% MNI Cores  24 .337 .003 .486 .004 .007 
% Backed artefacts  24 x x .104 .607 .477 
% Backed MNI  24 x x .160 .449 .499 
% Bipolar artefacts  25 .143 .068 .314 .104 .073 
% Artefacts >30mm  24 .018 .538 .118 .513 .689 
% Complete artefacts >30mm  20 x x .110 .466 .850 
% Cortical artefacts  28 .087 .134 - .260 .146 .105 
% Wide flakes  22 x x - .215 .128 .160 
% Elongate flakes  20 .026 .497 .130 .509 .186 
% Plain platforms  24 .001 .905 - .021 .912 .859 
% Faceted platforms  25 x x - .211 .176 .239 
% Focal platforms  14 .017 .647 - .122 .626 .776 
Note to table. ‘x’ indicates distributions which fail the assumption of proportional odds (parallel 
lines). 
 
Table 110  %Silcrete MNI and Upper Quartz Sequences. 
Upper quartz 
sequence 
% Silcrete MNI at sites Total 
sites 
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45.6 – 
69.4% 
72.4 – 
87.6% 
88.0 – 
99.6% 
Present 7 - - 7 5,769 9,135 63.2 62.4 – 63.9 
Absent 6 10 5 21 25,632 32,127 79.8 79.5 – 80.1 
Totals 13 10 5 28 31,401 41,262 76.1 75.8 – 76.4 
Five sites with Upper Quartz Sequences have sufficient samples of artefacts to 
analyse the proportions of cores. Where Upper Quartz Sequences are present, 
these sites have moderate or high proportions of silcrete MNI cores (Table 111). High 
core discard rates during Phase 2B would contribute to higher proportions of cores 
in these time averaged site samples. 
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Silcrete bipolar artefacts are uncommon on the Cumberland Plain, making up less 
than 0.4% of silcrete artefacts at most sites. When Upper Quartz Sequences are 
present, five of six sites have moderate or high proportions of bipolar artefacts 
(Table 112). The distribution provides some support for increased use of bipolar 
flaking of silcrete within Phase 2B. It should be reiterated that some sites lacking 
Upper Quartz Sequences may still have been occupied during Phase 2B – this may 
explain why two sites have relatively high proportions of bipolar silcrete artefacts 
even though Upper Quartz Sequences are not identified. 
Table 111  %MNI Cores and Upper Quartz Sequences. 
Upper quartz 
sequence 
% MNI Cores at sites Total 
sites 
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Present - 1 4 5 304 5,381 5.6 5.2 – 6.1 
Absent 9 7 3 19 837 25,301 3.3 3.2 – 3.5 
Totals 9 8 7 24 1,141 30,682 3.7 3.6 – 3.9 
 
Table 112  %Bipolar artefacts and Upper Quartz Sequences. 
Upper quartz 
sequence 
% Bipolar artefacts at sites Total 
sites 
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0 – 
0.1% 
0.2 – 
0.8% 
1.0 – 
5.9% 
Present 1 2 3 6 100 13,893 0.7 0.6 – 0.8 
Absent 7 10 2 19 184 69,140 0.3 0.2 – 0.3 
Totals 8 12 5 25 284 83,033 0.3 0.3 – 0.4 
Together, the statistically significant distributions in relation to Upper Quartz 
Sequences point to increased use of quartz, increased discard of silcrete cores and 
increased bipolar flaking of silcrete within Phase 2B. More silcrete pieces may have 
been used as cores (i.e. increased core nesting, section 3.3.1) and bipolar flaking 
may sometimes have been used to extend reduction.  
7.5 Further comments in relation to raw material sequences  
The above analyses demonstrate that the nature of silcrete artefact assemblages at 
sites tend to vary in relation to the phase/s during which artefacts accumulated on 
sites. In addition, the different types of raw material sequences involve different 
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artefact variables (Table 113). This indicates that the changes which occurred – and 
which are evident in time-averaged assemblages – involved some different aspects 
of flaking technology. Analysis in the next chapter further explores the effects of 
technological change and its influence on the nature silcrete assemblages with 
distance from quarries.  
Table 113  Comparison of test results for Upper Quartz and Deeper IMSTC Sequence – Probabilities 
for Kendall’s tau-c and Jonckheere-Terpstra.  
Variables 
Total 
sites 
Deeper IMSTC Upper Quartz 
Kendall’s 
tau-c 
Jonckheere-
Terpstra 
Change 
with 
time 
Kendall’s 
tau-c 
Jonckheere-
Terpstra 
Change 
with 
time 
% Silcrete 
artefacts  
28 - - - .001 .002 decrease 
% Silcrete MNI  28 - - - <.001 .002 decrease 
% Broken 
artefacts  
24 .201 .060 increase - - - 
% Cores  24 - - - .020 .022 increase 
% MNI Cores  24 - - - .004 .007 increase 
% Backed 
artefacts  
24 <.001 .015 increase - - - 
% Backed MNI  24 .009 .035 increase - - - 
% Bipolar 
artefacts  
25 - - - .104 .073 increase 
% Artefacts 
>30mm  
24 - - - - - - 
% Complete 
artefacts 
>30mm  
20 .102 .059 decrease - - - 
% Cortical 
artefacts  
28 .031 .039 decrease - - - 
% Wide flakes  22 .019 .056 decrease - - - 
% Elongate 
flakes  
20 - - - - - - 
% Plain 
platforms  
24 - - - - - - 
% Faceted 
platforms  
25 .030 .128 increase - - - 
% Focal 
platforms  
14 - -  - - - 
 Note to table. Dash ‘-’ indicates tests which are not significant at the 0.10 level. Change with time 
indicates the direction of the changes from earlier to later. 
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8.0 Silcrete sources and distance-decay trends 
8.1 Introduction 
This chapter examines how change over time in raw material preferences and stone 
technology affected the nature of silcrete artefact assemblages with increasing 
distance from silcrete quarries. 
Many studies identify distance from stone sources as an important influence on the 
ways people organised their procurement, flaking and discard of stone (e.g. 
Andrefsky 1994, 2009; Blumenschine et al. 2008; Byrne 1980; Gorecki et al. 
1997:148; Hiscock 1988a; Holdaway et al. 2008; Kooyman 2000:136-145; McNiven 
1993; O’Connell 1977:277-279; Ricklis and Cox 1993). Assemblages show various 
changes, as stone was progressively reduced as people carried their stone supplies 
further from stone sources. Trends are usually referred to as ‘distance-decay’. 
Previous research on the Cumberland Plain also identifies distance from silcrete 
sources as having influenced the nature of silcrete artefact assemblages (Barry 
2005; ENSR AECOM 2009; JMcD CHM 2006a; Kohen 1986).  
A related issue is the degree to which people utilised designated stone quarries 
compared to any location where flakeable stone occurred naturally (Doelman 2005, 
2008; Doelman et al. 2001; Gould 1977; Hiscock and Mitchell 1993:19-25; Holdaway 
et al. 2008). On the Cumberland Plain silcrete occurs naturally at many locations, 
only some of which are classified as quarries. 
The current study is much larger in scale than previous studies of distance-decay on 
the Cumberland Plain, enabling more detailed investigation of distance-decay 
trends and related issues. This chapter addresses several related questions: 
1. Do silcrete assemblages from quarries differ from assemblages located on 
naturally occurring silcrete but not identified as quarries? 
2. Do silcrete assemblages show trends with increasing distance from silcrete 
quarries? 
3. Are distance-decay trends affected by change over time; that is, do trends differ 
with the presence, absence or type of raw material sequence? 
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4. What do distance-decay trends indicate about the nature of silcrete 
procurement, reduction and discard at different times? 
It was intended to ask whether silcrete assemblages might show stronger trends 
with increasing distance from quarries or with increasing distance from any location 
with naturally occurring silcrete. However, in this study the distances of sites from 
quarries and distances from naturally occurring silcrete are highly correlated 
(Spearman’s rho=0.893, n=28 sites, p<.001), making it difficult to distinguish 
between trends relating to distance from quarries, and trends relating to distance 
from any location with naturally occurring silcrete. Instead, quarry assemblages are 
compared with those from other sites on naturally occurring silcrete to assess 
whether silcrete was procured from designated quarries or from any location with 
suitable stone. 
This chapter provides an overview of other studies of assemblage variation with 
distance from stone sources, highlighting various issues of potential concern 
(section 8.2). Question 1 is addressed when quarry assemblages are compared to 
assemblages from sites on other locations with naturally occurring silcrete (section 
8.3.2). As most artefact variables distinguish between assemblages from quarries 
and assemblages from sites on naturally occurring silcrete subsequent analysis is 
based on distance from quarries. Each artefact variable is analysed (section 8.4), to 
assess (1) whether silcrete assemblages tend to form distance-decay trends with 
increasing distance from silcrete quarries, and (2) whether sites with Deeper IMSTC 
or Upper Quartz Sequences show the same trends; that is, whether distance-decay 
trends are affected by the phases of time during which artefacts accumulated. The 
results are then summarised and discussed (section 8.5).  
8.2 Previous distance-decay studies 
Some previous Australian studies are briefly noted here. 
In the Murchison River valley of Western Australia, artefacts at various sites located 
up to 27km from a silcrete quarry were analysed (Byrne 1980). Assemblages varied 
in several ways with increasing distance from the quarry. The proportions of silcrete 
artefacts decreases, the numbers and mean weights of cores decrease, the 
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proportions of retouched flakes increased and the mean weight and thickness of 
retouched flakes decreased. Byrne argued that as people progressively reduced 
silcrete with increasing distance from quarries, transported stone (e.g. cores) 
became progressively smaller and the quantity of silcrete progressively diminished. 
People may have adopted various strategies to conserve their available supplies of 
stone. These strategies included use of other types of stone, increasing 
maintenance of tools, minimising discard of waste stone, use of increasingly smaller 
cores and by using cores as tools (Byrne 1980).  
At Lawn Hill in north-west Queensland the effects of distance from quarries on 
assemblages were analysed over a distance of c.20km. Variables included the 
proportions of raw material types, proportions of retouched flakes and edge-
damaged flakes, extent of retouching on points, maximum size of cores and flakes, 
number of cores with single platforms, core rotation, presence of cortex, presence 
of overhang removal, flake elongation, cortical platforms and focal platforms 
(Hiscock 1988a:103-110). The rate of change with distance from quarries differed 
between some variables, some distributions were linear and some were 
exponential. Hiscock (1988a:109-110) suggested that differing trends could have 
occurred because some variables reached the limits of change at different points in 
a reduction sequence; e.g. once all cortex was removed from a core, further 
knapping would not result in the production of any additional cortical artefacts. 
Also, different raw material types showed different rates of change, related to 
different patterns of reduction and rationing (Hiscock 1988a:110) or to difference in 
initial shape or size of nodules (Dibble et al. 2005; Flenniken and White 1985).  
McNiven (1993) considered the use of andesite and arkose over a distance of 
c.50km along Teewah Beach in south-east Queensland. Variables included the 
proportions of raw material types, quantities of raw material types (artefact weight 
per m2), artefact size, and presence/absence of cortex. McNiven (1993:141) 
suggested that where people were 8.5km or more from the andesite source they 
conserved their available stone supplies, because this distance provided a threshold 
beyond which it was not easy to obtain replacement stone.  
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On the Cumberland Plain, Barry (2005) considered distance-decay for sample areas 
from Plumpton Ridge along the route of the M7 Motorway over a distance of 25km. 
She relied on artefact data recorded during the consultancy project (Barry 2005:61). 
With increasing distance from Plumpton Ridge quarry cores became less frequent, 
artefacts with water-worn cortex and flake size decreased, while bipolar artefacts 
and flakes with focal platforms increased. Some other variables were also analysed 
but the sample sizes were small. Artefact breakage was analysed but the data 
indicated that complete flakes were predominant in assemblages (Barry 2005:88) 
which differs markedly from the high breakage rates in the current study. Barry 
noted that some distance-decay trends were interrupted at c.15km from the 
Plumpton Ridge quarry, and suggested this may have related to access to alternate 
raw material sources. 
Various studies indicate the following changes in artefact variables with increasing 
distance from stone sources: 
1. The proportions of artefacts of the source raw material type decrease and other 
raw material types increase (Blumenschine et al. 2008:81; Byrne 1980:114,116; 
Hiscock 1988a:105) or other raw materials such as shell increase (Ricklis and Cox 
1993:457); 
2. The maximum size of complete artefacts decreases (Blumenschine et al. 
2008:82; Hiscock 1988a:106), flake thickness and/or volume decrease (Barry 
2005; Newman 1994), mean flake length initially decreases then stabilises 
(Ricklis and Cox 1993:454-455), flakes and cores tend to become smaller (Barry 
2005; Hiscock 1988a:106), and mean artefact weight and length decrease 
(McNiven 1993:140-141). Maximum weight of cores, mean weight of retouched 
flakes and thickness of retouched flakes decrease with increasing distance from 
stone sources (Byrne 1980:114-116); 
3. The proportions of cortical artefacts decrease on the Cumberland Plain (Barry 
2005), but other studies do not always show clear trends. Along Teewah Beach, 
Queensland, the proportions of cortical artefacts decrease inconsistently 
(McNiven 1993:140-141). At Lawn Hill, the amount of cortex on dorsal surfaces 
of flakes decreased (Hiscock 1988a:107), although the proportions of flakes with 
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cortical platforms showed different trends for different raw material types 
(Hiscock 1988a:107). Along the Central Texas coast, USA, the proportions of 
cortical flakes did not vary with distance from source (Ricklis and Cox 1993:452); 
4. The proportions of retouched artefacts (or flakes) increased (Blumenschine et 
al. 2008:82; Byrne 1980:115-116,117; Hiscock 1988a:106), expressed as a 
decreasing flake to tool ratio (Rickliss and Cox 1993:450-451). The proportions 
of utilised and edge damaged flakes increased (Hiscock 1988a:106; Ricklis and 
Cox 1993:452,454); 
5. The extent of reduction of greywacke points (Hiscock 1988a:108) and arrow 
points (Ricklis and Cox 1993:455-456) increased, but the extent of retouching on 
backed artefacts and tulas did not vary with distance from stone sources 
(Hiscock 1988a:108); 
6. The proportions of cores decreased (Barry 2005), especially more than 10km 
from a quarry (Byrne 1980:114); 
7. Different raw material types showed increases and decreases in flake elongation 
(Hiscock 1988a:108); 
8. The proportions of single platform cores decreased, core rotation increased, and 
platform removal flakes become more frequent (Hiscock 1988a:107); 
9. The proportion of late stage debitage increased (e.g. biface thinning flakes in the 
USA, Ricklis and Cox 1993:453) as did the proportions of bipolar artefacts (Barry 
2005) and flakes with focal platforms (Barry 2005:95-96; Hiscock 1988a:106). 
Various studies indicate that distance-decay trends may be linear, exponential, or 
evident as a range of variation with maximum or minimum values. The rate of 
change with distance from quarries sometimes differed. Some variables reached the 
limits of change at different points in a reduction sequence (Hiscock 1988a:109-
110), and/or the environmental and social contexts in which stone was procured, 
transported and used may have differed, or changed over time (Hiscock and 
Clarkson 2000:102). Torrence (1989) argued that raw materials and flaking 
strategies resulted from careful choices made within the wider context of tool-using 
behaviour. The distribution of raw materials and their form may have constrained 
the range of potential options, but did not dictate the nature of stone flaking and 
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tool production (Torrence 1989:64). Distance from sources may therefore have set 
a range within which artefact assemblages may vary.  
The nature of the relationship between distance from sources and the way stone 
materials were organised has been questioned (e.g. Brantingham 2003; Close 1999; 
Pop 2015; Shiner 2008). Distance-decay trends are sometimes interpreted as 
‘rationing’ or ‘conservation’ with people using a variety of strategies to deal with 
diminishing stone supplies (Table 114). However, Brantingham (2003) argued that 
some apparent distance-decay trends could relate to a neutral model of raw 
material procurement, rather than being the outcome of deliberate stone 
conservation strategies.  
 
Table 114  Possible stone rationing strategies. 
Strategies References 
Increase use of other types of raw materials Byrne 1980:117; McNiven 
1993:139-140 
Schedule tasks which use a lot of stone near stone sources McNiven 1993:142 
Reduce the quantity of artefacts discarded McNiven 1993:139 
Use tools for a longer length of time, increasing maintenance of 
working edges 
Byrne 1980:117; McNiven 
1993:138,141 
Use hafting to allow greater use of small (more reduced) tools McNiven 1993, 1994 
Minimize waste by taking stone items from one site to the next Byrne 1980:117 
Use knapping techniques which produce more flakes per unit of 
stone or which extend reduction, e.g. by using techniques to 
rectify knapping problems or by using bipolar flaking 
Byrne 1980:118; Hiscock 
1988a:105 
Consider smaller flakes to be potentially useful Byrne 1980:118; Odell 1996 
Brantingham (2003) used computer simulation modelling, based on a mobile 
forager engaged in a random walk in an environment with evenly distributed food 
resources. In the model, different raw material types were distributed randomly in 
the environment. The forager carried a mobile toolkit of fixed maximum size. At 
each time step a fixed amount of raw material from the toolkit was ‘consumed’ 
(discarded), even if the forager had not moved and provided that the toolkit was 
not empty. If the forager moved and a raw material source was encountered, raw 
material was collected contingent upon the amount of empty space in the toolkit. 
This model resulted in distance-decay trends, because raw materials transported 
from the most distant sources were carried for the longest period of time and, 
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statistically, were more likely to be reduced and discarded. They therefore occurred 
in the smallest quantities. In contrast, materials from the closest sources were 
highly varied in both quantity and in the intensity of reduction because some had 
been in the toolkit for only short periods of time (Brantingham 2003).  
Pop (2015) re-evaluated and revised Brantingham’s model, but still concluded that 
the neutral model could lead to some distance-decay trends in artefact 
assemblages. Pop (2015) argued that the natural distribution of stone sources and 
raw material selection were both likely to have influenced the composition of 
archaeological assemblages. He made several predictions based on the revised 
model. The predictions included: 
a. If sites had similar access to sources but assemblages differed then variation 
may have been due to some other factor (e.g. different mobility patterns); 
b. Raw material frequencies may have been influenced by proximity to other 
sources, and possibly by recycling of previously discarded artefacts; 
c. The most heavily utilised raw materials (e.g. small artefacts, late stage flaking) 
would be from relatively isolated sources. If this was not the case, then an 
assemblage might indicate preferential exploitation or avoidance of such 
sources; and 
d. The largest assemblages or highest artefact densities should occur in proximity 
to lithic sources. If large sites or high artefact densities occurred in other 
locations then some other explanation may be invoked (Pop 2015:29), e.g. a 
focus of artefact discard activities in proximity to water or food resources or 
geomorphic processes which favoured artefact accumulation. 
The ‘mobile forager’ assumption related to personal provisioning (cf. Kuhn 1995; 
Mackay 2005). That is, it assumed that a person carried their lithic raw materials 
with them. An alternative scenario is place provisioning, for which people carried 
and stored potentially useable stone materials at sites they were likely to revisit 
(Kuhn 1995; Mackay 2005; Nelson 1991). Place provisioning could potentially 
disrupt the neutral model, by providing additional cultural ‘raw material sources’ in 
locations where they did not exist naturally. 
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Brantingham (2003:504-505) also pointed out that individual stone procurement, 
flaking and discard activities were short-term episodes, implemented on scales of 
minutes to months. But archaeological assemblages resulted from long-term 
artefact accumulation which tended to average individual episodes. In palimpsests 
the artefact assemblages may mimic distance-decay effects consistent with a 
neutral model, even if some individual episodes were conducted in specific strategic 
ways. This, and different histories of artefact accumulation, may explain why 
variation has been found between sites located in close proximity (Blumenschine et 
al. 2008:83).  
8.3 Quarries versus any location with naturally occurring silcrete 
8.3.1  Introduction 
Silcrete is a very hard rock type and occurs as rounded, sub-rounded or sub-angular 
cobbles, weathered nodules and pebbles. Such rounded forms are often difficult to 
flake (Flenniken and White 1985), and the stone is often flawed. On the 
Cumberland Plain silcrete occurs naturally in various locations, only a few of which 
are classified as quarries (Figure 45, Appendix 6 Table A183). Three silcrete quarries 
(ADI/EP1, Col/SA25, Col/SA26, JMcD CHM 2006a, 2006b) have little evidence for the 
use of non-silcrete hammer stones. Silcrete was probably fragmented variously by 
block-on-block percussion, freehand direct hard-hammer percussion and by heat 
shattering (cf. Holdaway and Stern 2004).  
Elsewhere in Australia, stone raw materials occur as quarried outcrops and in other 
locations as gibber cobbles. Some studies have identified differences in the way 
people procured and managed their stone materials depending on whether the 
stone was quarried or obtained as local cobbles (Doelman 2005, 2008; Doelman et 
al. 2001; Gould 1977). A distinction between quarries and occupation sites located 
in areas of naturally occurring stone has been queried (Hiscock and Mitchell 
1993:19-25; Holdaway et al. 2008), as procurement of naturally occurring stone 
may have occurred in both types of locations.  
The three quarries in the current study (ADI/EP1, Col/SA25 and Col/SA26) were 
classified as such by the presence of naturally occurring silcrete cobbles, abandoned 
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cobbles with flake scars, and very large cortical artefacts (JMcD CHM 2006a, 2006b; 
cf. Doelman 2008). This study also includes five other sites located on naturally 
occurring silcrete, being remnants of the St Marys Formation or gravels derived 
from this formation (sites Col/SA20, Col/SA21, Col/SA22, Col/SA24 and Bun2, (JMcD 
CHM 2006a, 2011). The current research asks whether silcrete assemblages from 
quarries differ from other locations with naturally occurring silcrete. 
8.3.2  Analysis – Silcrete quarries versus locations with naturally occurring silcrete 
Three quarries have very high proportions of silcrete MNI, comprising 97% or more 
of all MNI (Table 115, Figure 95). Five other sites located on naturally occurring silcrete 
have varied proportions of silcrete MNI, but lower than the quarry samples. The 
proportions of silcrete MNI distinguish quarries from other sites on naturally 
occurring silcrete. 
 
Table 115  %Silcrete MNI at quarries and other sites on naturally occurring silcrete.  
Type Site Silcrete 
MNI 
Total MNI % Silcrete 
MNI 
84% Confidence intervals 
for proportion 
Quarries ADI/EP1 849 852 99.6 99.3 – 100 
Col/SA25 958 969 98.9 98.3 – 99.4 
Col/SA26 270 274 98.5 97.3 – 99.8 
Other sites 
on silcrete 
Col/SA20 2,657 2,715 97.9 97.5 – 98.3 
Col/SA21 1,744 2,003 87.1 86.0 – 88.1 
Col/SA22 897 941 95.3 94.3 – 96.3 
Col/SA24 432 514 84.0 81.8 – 86.3 
Bun2 1,550 1,932 80.2 79.0 – 81.5 
 
 
Figure 95  %Silcrete MNI at 
quarries and other sites on 
naturally occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
Three quarries have very high proportions of broken silcrete artefacts, comprising 
c.95% or more of all silcrete artefacts (Table 116, Figure 96). Five other sites located on 
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naturally occurring silcrete have lower proportions, between c.85% and 90%, 
distinguishing them from quarries. 
 
Table 116  %Broken silcrete artefacts at quarries and other sites on naturally occurring silcrete.  
Type Site Broken 
artefacts 
Total 
silcrete 
% Broken 
artefacts 
84% Confidence intervals 
for proportion 
Quarries ADI/EP1 5,833 6,139 95.0 94.6 – 95.4 
Col/SA25 9,094 9,449 96.2 96.0 – 96.5 
Col/SA26 1,720 1,800 95.6 94.7 – 96.2 
Other sites 
on silcrete 
Col/SA20 7,608 8,652 87.9 87.4 – 88.4 
Col/SA21 5,524 6,158 89.7 89.2 – 90.2 
Col/SA22 2,464 2,813 87.6 86.7 – 88.5 
Col/SA24 1,277 1,485 86.0 84.7 – 87.3 
Bun2 3,750 4,390 85.4 84.7 – 86.2 
 
 
Figure 96  %Broken 
artefacts at quarries and 
other sites on naturally 
occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
The proportions of MNI cores at quarries and other sites located on naturally 
occurring silcrete vary a little, but most confidence intervals overlap (Table 117, Figure 
97). That is, when artefact breakage is taken into account, the proportions of MNI 
cores do not differ between quarries and other sites on naturally occurring silcrete. 
Three quarries have very few backed MNI, which make up negligible proportions 
(Table 118, Figure 98). Four of the five other sites located on naturally occurring 
silcrete have higher proportions of backed MNI. Col/SA24 may have a low 
proportion of backed MNI because this site has a long history of artefact 
accumulation (sections 5.2.6 and 7.3). The proportions of backed MNI tend to 
distinguish quarries from other sites on naturally occurring silcrete. 
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Table 117  %MNI Cores at quarries and other sites on naturally occurring silcrete.  
Type Site MNI Cores Total 
silcrete 
MNI 
% MNI 
Cores 
84% Confidence intervals 
for proportion 
Quarries ADI/EP1 41 849 4.8 3.8 – 5.9 
Col/SA25 47 958 4.7 3.9 – 5.9 
Col/SA26 8 270 3.0 1.4 – 4.6 
Other sites 
on silcrete 
Col/SA20 101 2,657 3.8 3.3 – 4.3 
Col/SA21 52 1,744 3.0 2.4 – 3.6 
Col/SA22 51 897 5.7 4.6 – 6.8 
Col/SA24 19 432 4.4 3.0 – 5.8 
Bun2 69 1,550 4.5 3.7 – 5.2 
 
 
Figure 97  %MNI Cores at 
quarries and other sites on 
naturally occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
 
Table 118  %Backed MNI at quarries and other sites on naturally occurring silcrete.  
Type Site Backed 
MNI  
Total 
silcrete 
MNI 
% Backed 
MNI  
84% Confidence intervals 
for proportion 
Quarries ADI/EP1 4 849 0.5 0.1 – 0.9 
Col/SA25 3 958 0.3 0 – 0.6 
Col/SA26 0 270 0 0 – 0.7 
Other sites 
on silcrete 
Col/SA20 151 2,657 5.7 5.0 – 6.3 
Col/SA21 70 1,744 4.0 3.3 – 4.7 
Col/SA22 46 897 5.1 4.1 – 6.2 
Col/SA24 6 432 1.4 0.5 – 2.3 
Bun2 76 1,550 4.7 4.1 – 5.7 
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Figure 98  %Backed MNI at 
quarries and other sites on 
naturally occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
Bipolar silcrete artefacts are not common on the Cumberland Plain. Of the three 
quarries and five other sites on naturally occurring silcrete, a notable number of 
bipolar artefacts (n=16) occurs on only one site (Bun2, Table 119, Figure 99). The 
proportions of bipolar artefacts do not distinguish quarries from other sites located 
on naturally occurring silcrete. 
 
Table 119  %Bipolar artefacts at quarries and other sites on naturally occurring silcrete.  
Type Site Bipolar 
artefacts 
Total 
artefacts 
% Bipolar 
artefacts 
84% Confidence intervals 
for proportions 
Quarries ADI/EP1 2 6,139 0.0 0.0 – 0.1 
Col/SA25 1 9,449 0.0 0.0 – 0.0 
Col/SA26 - 1,800 0.0 0.0 – 0.1 
Other sites 
on silcrete 
Col/SA20 3 8,652 0.0 0.0 – 0.1 
Col/SA21 1 6,158 0.0 0.0 – 0.1 
Col/SA22 - 2,813 0.0 0.0 – 0.1 
Col/SA24 1 1,485 0.1 0.0 – 0.2 
Bun2 16 4,390 0.4 0.2 – 0.5 
 
 
Figure 99  %Bipolar 
artefacts at quarries and 
other sites on naturally 
occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
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The proportions of complete artefacts more than 30mm in maximum size at one 
quarry (for which data is available) is similar to the proportions at three of the five 
sites located on naturally occurring silcrete (Table 120, Figure 100). The proportions of 
artefacts more than 30mm in size do not distinguish the quarry from some other 
sites on naturally occurring silcrete. 
 
Table 120  %Complete artefacts >30mm at quarries and other sites on naturally occurring silcrete.  
Type Site Complete 
>30mm 
Total 
complete 
% Complete 
>30mm  
84% Confidence intervals 
for proportion 
Quarries ADI/EP1 88 306 28.8 25.1 – 32.4 
Other sites 
on silcrete 
Col/SA20 304 1,044 29.1 27.1 – 31.1 
Col/SA21 176 634 27.8 25.3 – 30.3 
Col/SA22 99 349 28.4 25.0 – 31.8 
Col/SA24 44 208 21.2 17.2 – 25.1 
Bun2 91 640 14.2 12.3 – 16.2 
 
 
Figure 100  %Complete 
artefacts >30mm at 
quarries and other sites on 
naturally occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
Three quarries have relatively high proportions of cortical silcrete artefacts (>11%, 
Table 121, Figure 101). Five other sites located on naturally occurring silcrete have 
lower proportions (c.6% to 9%). The proportions of cortical silcrete artefacts 
distinguish quarries from other sites on naturally occurring silcrete. 
Two quarries have sufficient samples of unmodified complete flakes more than 
10mm in size to analyse flake shape. These quarry samples have relatively high 
proportions of wide flakes (Table 122, Figure 102). Sites located on naturally occurring 
silcrete have lower proportions of wide flakes. The proportions of wide silcrete 
flakes distinguish quarries from other sites on naturally occurring silcrete. 
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Table 121  %Cortical artefacts at quarries and other sites on naturally occurring silcrete.  
Type Site Artefacts 
with cortex 
Total 
artefacts 
% Artefacts 
with cortex 
84% Confidence intervals 
for proportions 
Quarries ADI/EP1 718 6,139 11.7 11.1 – 12.3 
Col/SA25 1,135 9,449 12.0 11.5 – 12.5 
Col/SA26 272 1,800 15.1 13.9 – 16.3 
Other sites 
on silcrete 
Col/SA20 736 8,652 8.5 8.1 – 8.9 
Col/SA21 415 6,158 6.7 6.3 – 7.2 
Col/SA22 176 2,813 6.3 5.6 – 6.9 
Col/SA24 96 1,485 6.5 5.6 – 7.4 
Bun2 329 4,390 7.5 6.9 – 8.1 
 
 
Figure 101  %Cortical 
artefacts at quarries and 
other sites on naturally 
occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
 
Table 122  %Wide flakes at quarries and other sites on naturally occurring silcrete.  
Type Site Wide 
flakes 
Total flakes 
>1cm 
% Wide 
flakes  
84% Confidence intervals 
for proportions 
Quarries ADI/EP1 112 170 65.9 60.8 – 71.0 
Col/SA25 126 200 63.0 58.2 – 67.8 
Other sites 
on silcrete 
Col/SA20 263 676 38.9 36.3 – 41.5 
Col/SA21 124 322 38.5 34.7 – 42.3 
Col/SA22 63 160 39.4 34.0 – 44.8 
Col/SA24 68 129 52.7 46.6 – 58.8 
Bun2 163 368 44.3 40.7 – 47.9 
 
 
Figure 102  %Wide flakes at 
quarries and other sites on 
naturally occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
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Three quarries have high proportions of plain platforms on unmodified flakes and 
proximal broken flakes (Table 123, Figure 103). Five other sites located on naturally 
occurring silcrete have lower proportions of plain platforms. No faceted platforms 
were identified amongst the three quarry samples but they occur amongst the 
samples from five other sites located on naturally occurring silcrete (Table 124, Figure 
104). The quarries tend to have low proportions of focal platforms, while other sites 
on naturally occurring silcrete have varying proportions (Table 125, Figure 105).  
Table 123  %Plain platforms at quarries and other sites on naturally occurring silcrete.  
Type Site Plain 
platforms 
Total 
platforms 
% Plain 
platforms 
84% Confidence intervals 
for proportions 
Quarries ADI/EP1 223 334 66.8 63.2 – 70.4 
Col/SA25 265 424 62.5 59.2 – 65.8 
Col/SA26 88 135 65.2 59.5 – 70.9 
Other sites 
on silcrete 
Col/SA20 637 1,368 46.6 44.7 – 48.5 
Col/SA21 343 714 48.0 45.4 – 50.7 
Col/SA22 135 339 39.8 36.1 – 43.5 
Col/SA24 90 203 44.3 39.5 – 49.2 
Bun2 264 685 38.5 35.9 – 41.1 
 
 
Figure 103  %Plain 
platforms at quarries and 
other sites on naturally 
occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
Table 124  %Faceted platforms at quarries and other sites on naturally occurring silcrete.  
Type Site Faceted 
platforms 
Total 
platforms 
% Faceted 
platforms 
84% Confidence intervals 
for proportions 
Quarries ADI/EP1 0 334 0 0 – 0.6 
Col/SA25 0 424 0 0 – 0.5 
Col/SA26 0 135 0 0 – 1.4 
Other sites 
on silcrete 
Col/SA20 144 1,368 10.5 9.4 – 11.7 
Col/SA21 71 714 9.9 8.4 – 11.5 
Col/SA22 37 339 10.9 8.5 – 13.3 
Col/SA24 15 203 7.4 4.7 – 10.1 
Bun2 38 685 5.5 4.3 – 6.8 
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Figure 104  %Faceted 
platforms at quarries and 
other sites on naturally 
occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
Table 125  %Focal platforms at quarries and other sites on naturally occurring silcrete.  
Type Site Focal 
platforms 
Total 
platforms 
% Focal 
platforms 
84% Confidence intervals 
for proportions 
Quarries ADI/EP1 40 334 12.0 9.4 – 14.5 
Col/SA25 60 424 14.2 11.8 – 16.5 
Other sites 
on silcrete 
Col/SA20 198 1,368 14.5 13.1 – 15.8 
Col/SA21 129 714 18.1 16.0 – 20.1 
Col/SA22 60 339 17.7 14.8 – 20.6 
Col/SA24 43 203 21.2 17.1 – 25.2 
Bun2 143 685 20.9 18.7 – 23.1 
 
 
Figure 105  %Focal 
platforms at quarries and 
other sites on naturally 
occurring silcrete. 
Shows 84% confidence 
interval with calculated 
proportion at mid-point. 
 
Quarries tend to differ from other locations with naturally occurring silcrete, having  
 Very high proportions of silcrete MNI (except one site on naturally occurring 
silcrete), 
 Very high proportions of broken artefacts, 
 Very low proportions of backed MNI (except possibly one site on naturally 
occurring silcrete), 
 Relatively high proportions of cortical artefacts, 
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 Relatively high proportions of wide flakes and low proportions of elongate flakes 
(except possibly one site on naturally occurring silcrete), 
 Relatively high proportions of plain platforms, no faceted platforms and lower 
proportions of focal platforms. 
Quarries do not tend to differ from locations with naturally occurring silcrete for 
 MNI cores, 
 Bipolar artefacts, and 
 Artefacts more than 30mm in maximum size. 
For most artefact variables, silcrete assemblages from quarries tend to differ from 
silcrete assemblages at other sites located on naturally occurring silcrete. Quarries 
were sites dedicated largely to silcrete procurement. Artefacts tend to be highly 
fragmented and in early states of reduction with higher proportions of cortex, wide 
flakes and plain platforms, and no or very few faceted platforms. Some 
opportunistic procurement of silcrete may have occurred on sites located on 
naturally occurring silcrete, but flaking related to procurement may have been 
outnumbered by other flaking activities. 
8.4 Silcrete assemblages and distance-decay 
8.4.1  Introduction 
This section analyses silcrete artefact assemblages with increasing distance from the 
nearest known silcrete quarry; the locations of these are shown on Figure 45. This 
section also asks whether change over time may have influenced distance-decay 
trends. Hence, the analysis is conducted using data for sites which are assessed for 
raw material sequences. This is done by analysing artefact distributions when 
Deeper IMSTC and Upper Quartz Sequences are present or absent from sites. 
Where distance-decay trends differ with the presence or absence of raw material 
sequences, change over time was sufficiently substantial to have influenced the 
overall proportions of an artefact variable in time-averaged site samples. The upper 
and deeper assemblages from sites RTA-G1 and RH/CC2 are also graphed to 
demonstrate the effects of change over time as appropriate. 
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The results of statistical tests are given on Table 126. Most artefact variables show 
statistically significant distributions with distance from known silcrete quarries. 
However, the variables which do NOT show trends are the proportions of silcrete 
MNI, MNI cores and backed MNI, indicating that breakage is a critical variable 
influencing the nature of silcrete assemblages with distance from quarries. The 
proportions of wide and elongate flakes, and faceted platforms, are also unrelated 
to distance from quarries. The distributions which are statistically significant are 
discussed below. 
Table 126  Results of statistical tests – Distance from silcrete quarries. 
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% Silcrete artefacts  28 .338 .007 - .472 .004 .013 - .381 .045 
% Silcrete MNI  28 .124 .200 - .203 .200 .134 - .306 .113 
% Broken artefacts  24 .522 .001 - .664 <.001 .001 - .822 <.001 
% Cores  24 .361 .010 .462 <.001 .015 .561 .004 
% MNI Cores  24 x x .121 .410 .410 .209 .327 
% Backed artefacts 24 .123 .250 .310 .065 .037 .502 .012 
% Backed MNI  24 .095 .350 .254 .119 .207 .284 .179 
% Bipolar artefacts  25 .426 .003 .534 <.001 .002 .535 .006 
% Artefacts >30mm  24 .340 .014 - .304 .106 .084 - .271 .201 
% Complete artefacts >30mm  20 .467 .005 - .524 .001 .002 - .712 <.001 
% Cortical artefacts  28 .340 .007 - .360 .041 .014 - .426 .024 
% Wide flakes  22 x x - .053 .792 .662 - .181 .421 
% Elongate flakes  20 .000 1.00 .000 1.000 1.000 .120 .615 
% Plain platforms  24 .310 .021 - .396 .017 .021 - .515 .010 
% Faceted platforms  25 .109 .282 - .231 .148 .233 - .141 .503 
% Focal platforms  14 .240 .190 .407 .026 .040 .554 .040 
Note to table. ‘x’ indicates distributions which fail the assumption of proportional odds (parallel 
lines) for ordinal regression 
 
8.4.2  Proportions of silcrete artefacts and silcrete MNI 
The proportions of silcrete artefacts at sites tend to decrease with increasing 
distance from quarries (Table 126). However, the distribution of silcrete MNI with 
distance from quarries is not statistically significant (Table 126, Figure 106). The 
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distance-decay distribution of silcrete artefacts with distance from quarries is 
related in part to artefact breakage (see below section 8.4.3). 
A strong effect of change over time in raw material use is shown by sites with Upper 
Quartz Sequences. These sites have low proportions of silcrete MNI, regardless of 
distance from quarries (Table 127, Figure 107).  
The overall proportions of silcrete MNI tend to decrease with increasing distance 
from quarries (non-overlapping confidence intervals on the right-hand side of Table 
127). However, this trend is not shown at the inter-site scale of analysis. Sites 
located more than 2km from quarries and lacking Upper Quartz Sequences variously 
have low or high proportions of silcrete MNI. All seven sites at which Upper Quartz 
Sequences are present have low proportions of silcrete MNI regardless of distance 
from quarries. The results on Table 127 demonstrate the importance of analysing 
data at multiple scales.  
Previous studies identify decreasing proportions of the quarried raw material type 
with increasing distance from quarries (Blumenschine et al. 2008:81; Byrne 
1980:114,116; Hiscock 1988a:105; Ricklis and Cox 1993:457). However, on the 
Cumberland Plain the distribution of silcrete artefacts is more complex. The 
distribution of silcrete artefacts in relation to quarry distance is related strongly to 
artefact breakage. When breakage is taken into account by calculating silcrete MNI, 
a distance-decay trend is not present. Some inter-site variation is related to a recent 
increase in the use of quartz during Phase 2B.  
 
 
Figure 106  %Silcrete MNI at sites 
with distance from known silcrete 
quarries. 
 
 
Table 127  %Silcrete MNI, Upper Quartz Sequences and distance from silcrete quarries.  
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69.4% 
72.4 – 
87.6% 
90.6 – 
99.6% 
Absent 
0.5 – 1.0km - 2 1 3 4,833 5,232 92.4 91.9 – 92.9 
2.0 – 5.3km 3 2 3 8 12,072 14,995 80.5 80.1 – 81.0 
5.7 – 25.1 3 6 1 10 8,727 11,900 73.3 72.8 – 73.9 
Present 
2.0 – 5.3km 3 - - 3 3,871 5,878 65.9 65.0 – 66.7 
5.7 – 25.1 4 - - 4 1,898 3,257 58.3 57.1 – 59.5 
Total 13 10 5 28 31,401 41,262 76.1 75.8 – 76.4 
 
 
Figure 107  %Silcrete 
MNI with distance 
from silcrete quarries 
and Upper Quartz 
Sequences. 
 
8.4.3  Proportions of broken silcrete artefacts  
The proportions of silcrete broken artefacts are vulnerable to the minimum mesh 
size used for sieving (Appendix 4), so analysis of this variable is restricted to 
assemblages recovered using a minimum of 3mm or 3.5mm mesh. 
The proportions of silcrete broken artefacts in site samples correlate strongly with 
distance from silcrete quarries (Table 126). Sites within 1km of quarries tend to have 
high proportions of broken silcrete artefacts while sites more than 5km from 
quarries tend to have lower proportions (Table 128, Figure 108). This distance-decay 
trend is present regardless of whether artefacts accumulated during different 
phases (Table 129). The lack of a trend for sites where Upper Quartz Sequences are 
present is probably due to the small number of sites. 
Artefact breakage may have been partly related to the nature of silcrete – flawed 
and/or poor quality silcrete may have been more prone to breakage during and/or 
after knapping. People may have tended to carry better quality silcrete to sites 
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more distant from quarries, so resulting in less artefact breakage. This is an issue for 
future research. 
 
Table 128  %Broken artefacts and distance from silcrete quarries. 
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quarry 
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% Broken artefacts Total 
sites 
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72.4 – 
79.0% 
82.0 – 
86.0% 
87.1 – 
96.2% 
0.5 – 1.0km - 1 2 3 14,409 16,295 88.4 88.1 – 88.8 
2.0 – 5.3km 1 5 4 10 30,313 35,856 84.5 84.3 – 84.8 
5.7 – 25.1km 8 3 - 11 11,965 14,808 80.8 80.3 – 81.3 
Total 9 9 6 24 56,687 66,959 84.7 84.5 – 84.7 
Note to table. Analysis of sites with assemblages recovered using a minimum mesh of 3mm or 
3.5mm. 
 
 
Figure 108  %Broken artefacts at 
sites with distance from known 
silcrete quarries. 
 
Table 129 Spearman’s rho correlation for %broken artefacts with distance from silcrete quarries 
and raw material sequences.  
Variables Total sites rho Probability 
% Broken artefacts and Deeper IMSTC Sequence absent 13 - .713 .006 
% Broken artefacts and Deeper IMSTC Sequence present 11 - .763 .006 
% Broken artefacts and Upper Quartz Sequence absent 18 - .774 <.001 
% Broken artefacts and Upper Quartz Sequence present 6 - .522 .288 
 
8.4.4  Proportions of silcrete cores and MNI cores 
The proportions of cores tend to increase with increasing distance from silcrete 
quarries, but the proportions of MNI cores do not (Table 126, Figure 109). The trend 
shown by cores is probably related to artefact breakage; the proportions of cores 
and proportions of broken artefacts being correlated (Spearman’s rho=–0.500, 
n=20, p=0.025). 
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Figure 109  %MNI Cores at sites 
with distance from known silcrete 
quarries. 
 
The proportions of MNI cores at sites tend to increase with increasing distance from 
silcrete quarries when Deeper IMSTC Sequences are absent from sites (Table 130, 
Table 131, Figure 110). People tended to discard proportionately more cores at sites 
located more than 15km from quarries when artefacts accumulated during Phase 2. 
This could have been related to increased core nesting; that is, increased use of any 
silcrete item as a core (section 3.3.1, Moore 2000). When Deeper IMSTC Sequences 
are present at sites the proportions of MNI cores vary between sites and the overall 
non-site proportions decrease very slightly. 
Table 130  %MNI Cores with distance from silcrete quarries and Deeper IMSTC Sequences. 
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0.5 – 1.0km - 1 - 1 101 2,657 
2.9 2.7 – 3.1 
2.0 – 5.3km 5 - - 5 286 10,863 
5.7 – 25.1km - 2 4 6 254 4,733 5.4 4.9 – 5.8 
Present 
0.5 – 1.0km - 2 - 2 71 2,176 
4.5 4.2 – 4.9 
2.0 – 5.3km 1 1 3 5 253 4,952 
5.7 – 25.1km 3 2 - 5 176 5,301 3.3 3.0 – 3.7 
Total 9 8 7 24 1,141 30,682 3.7 3.6 – 3.9 
 
Table 131 Spearman’s rho correlation for %cores and MNI cores with distance from silcrete 
quarries and raw material sequences.  
Variables Total sites rho Probability 
% MNI Cores and Deeper IMSTC Sequence absent 12 .751 .005 
% MNI Cores and Deeper IMSTC Sequence present 12 - .428 .165 
% MNI Cores and U Upper Quartz Sequence absent 19 .249 .304 
% MNI Cores and U Upper Quartz Sequence present 5 .100 .873 
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Figure 110  %MNI Cores 
with distance from 
silcrete quarries, Deeper 
IMSTC sequences and 
upper and lower 
assemblages from site 
RH/CC2. 
 
At site RH/CC2 located c.10km from a quarry, MNI cores are only a little more 
frequent in the upper deposit than in deeper deposits (Table 92, Figure 110). However, 
the proportion for the upper assemblage fits with the distance-decay trend shown 
by Phase 2 sites lacking Deeper IMSTC Sequences. That is, minor variation over time 
at this site is consistent with its regional context. Parramatta site RTA-G1 is not 
shown here because younger deposits containing artefacts were probably removed 
from the site during clearing works (JMcD CHM 2005c). 
Sites with Upper Quartz Sequences (Phase 2B together with earlier artefact 
accumulations) have relatively high proportions of MNI cores, regardless of distance 
from quarries (Table 132, Figure 111). A tendency to reduce any suitable piece of 
silcrete as a core may have been more pronounced within the last c.1,500 years. 
There may have been much more core nesting during the most recent phase. 
In an earlier study on the Cumberland Plain, Barry (2005) found that the 
proportions of cores tended to decrease with increasing distance from Plumpton 
Ridge. In Western Australia a marked decrease in cores occurred more than 10km 
from a quarry (Byrne 1980). The current study finds that the distribution of MNI 
cores on the Cumberland Plain is complicated by change over time in core discard.  
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Table 132  %MNI Cores with distance from silcrete quarries and Upper Quartz Sequences. 
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2.0 – 5.3km 6 1 - 7 320 11,944 2.7 2.5 – 2.9 
5.7 – 25.1km 3 3 3 9 345 8,524 4.0 3.7 – 4.3 
Present 
2.0 – 5.3km - - 3 3 219 3,871 5.7 5.1 – 6.2 
5.7 – 25.1km - 1 1 2 85 1,510 5.6 4.8 – 6.5 
Total 9 8 7 24 1,141 30,682 3.7 3.6 – 3.9 
 
 
Figure 111  %MNI Cores 
with distance from 
silcrete quarries and 
Upper Quartz Sequences. 
 
8.4.5  Proportions of silcrete bipolar artefacts  
Silcrete bipolar artefacts are uncommon on the Cumberland Plain. However, they 
tend to increase slightly in frequency as distance from silcrete quarries increases, 
although site samples with very few or no bipolar silcrete artefacts occur at varying 
distances from silcrete quarries (Figure 112, Table 126).  
A distance-decay trend is present for sites lacking Deeper IMSTC Sequences: the 
proportions of silcrete bipolar artefacts tend to increase with increasing distance 
from quarries (Table 133, Table 134, Figure 113). A relatively high proportion of silcrete 
bipolar artefacts in the upper deposit at site RH/CC2 is consistent with this distance-
decay trend. Where a Deeper IMSTC Sequence is present, sites do not form a 
distance-decay trend and an increase in the overall proportions of bipolar artefacts 
more than 5km from quarries is very minor. 
The few sites with Upper Quartz Sequences show a distance-decay trend (Table 133, 
Table 135, Figure 114).  
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Figure 112  %Bipolar artefacts at 
sites with distance from known 
silcrete quarries. 
Note to Figure 112: Site EL/10+11 with 5.9% bipolar silcrete artefacts is not shown. This site is 
located 16km from a quarry. 
 
Table 133 Spearman’s rho correlation for % bipolar artefacts with distance from silcrete quarries 
and raw material sequences.  
Variables Total sites rho Probability 
% Bipolar artefacts and Deeper IMSTC sequence absent 13 .679 .011 
% Bipolar artefacts and Deeper IMSTC sequence present 12 .414 .181 
% Bipolar artefacts and Upper Quartz Sequence absent 19 .491 .033 
% Bipolar artefacts and Upper Quartz Sequence present 6 .779 .068 
 
Table 134 %Bipolar artefacts, silcrete quarry distance and Deeper IMSTC sequences.  
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Figure 113  %Bipolar 
artefacts with distance 
from silcrete quarries, 
Deeper IMSTC Sequences 
and upper and lower 
assemblages from RH/CC2. 
Does not show EL/10+11 
with 5.9% bipolar artefacts. 
 
 
Table 135 %Bipolar artefacts, silcrete quarry distance and Upper Quartz sequences.  
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Figure 114  %Bipolar 
artefacts with distance 
from silcrete quarries 
and Upper Quartz 
Sequences. 
Does not show site 
EL/10+11 with an Upper 
Quartz Sequence and 
5.9% bipolar artefacts. 
 
The distributions suggest that people tended to conduct more bipolar flaking of 
silcrete with increasing distance from quarries during Phase 2 (Deeper IMSTC 
Sequence absent) and more so during Phase 2B (Upper Quartz Sequence present). 
On the Cumberland Plain bipolar flaking was the end point in the progressive 
reduction of silcrete (section 3.3.4). A small increase in the use of bipolar flaking 
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during Phase 2B indicates an increased emphasis on extending the utility of 
available silcrete.  
A tendency for bipolar silcrete artefacts to increase a little in frequency with 
distance from quarries is consistent with Barry’s (2005) finding for the M7 
motorway sites (central-east portion of the Cumberland Plain). However, the 
current study finds that this distance-decay trend is affected by the particular 
phases during which artefacts accumulated on sites. The generally low proportions 
of silcrete bipolar artefacts on the Cumberland Plain probably results from the 
relative short time span during which bipolar artefacts accumulated. 
8.4.6  Proportions of silcrete artefacts >30mm in maximum size 
The proportions of artefacts more than 30mm in maximum size (relatively large 
artefacts) are vulnerable to mesh sizes used for sieving, so analysis here is restricted 
to those assemblages recovered using 3mm or 3.5mm minimum mesh (Appendix 4).  
The proportions of artefacts more than 30mm in size tend to decrease with 
increasing distance from silcrete quarries, but the distance-decay trend for 
complete artefacts more than 30mm in size is stronger (Table 126, Figure 115). The 
distance-decay trend is consistent with the general process of silcrete reduction on 
the Cumberland Plain, during which artefact size tends to decrease as reduction 
proceeds (section 3.3.4) with increasing distance from quarries.  
 
 
Figure 115  %Complete artefacts 
>30mm in size at sites with 
distance from silcrete quarries. 
 
The proportions of complete artefacts more than 30mm in size tend to decrease 
with increasing distance from quarries, regardless of whether or not Deeper IMSTC 
Sequences are present at sites (Table 136, Table 137, Figure 116). However, these 
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artefacts tend to be a little more frequent when Deeper IMSTC Sequences are 
present, and less frequent when these sequences are absent. The proportion of 
complete large artefacts in the upper deposit at site RTA-G1 is consistent with this 
distance-decay trend; the proportions of large artefacts at RH/CC2 are not shown 
because this assemblage was recovered using small minimum mesh. 
Unfortunately, assemblages from only four sites with Upper Quartz Sequences were 
recovered using larger mesh and have sufficient samples of silcrete artefacts – too 
few to consider whether regional trends relating to large artefacts might be 
present. 
 
Table 136 Spearman’s rho correlation for % artefacts >30mm with distance from silcrete quarries 
and raw material sequences.  
Variables Total sites rho Probability 
% Complete >30mm and Deeper IMSTC Sequence absent 10 - .598 .068 
% Complete >30mm and Deeper IMSTC Sequence present 10 - .699 .024 
% Complete >30mm and Upper Quartz Sequence absent 16 - .784 <.001 
% Complete >30mm and Upper Quartz Sequence present 4 n/a n/a 
 
Table 137 %Complete artefacts >30mm, distance from silcrete quarries and Deeper IMSTC 
Sequences.  
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5.7 – 25.1km 2 3 - 5 101 1,081 9.3 8.1 – 10.6 
Present 
0.5 – 1.0km - - 2 2 220 842 
20.7 19.6 – 21.7 
2.0 – 5.3km - 2 2 4 369 2,009 
5.7 – 25.1km 1 3 - 4 212 1,594 13.3 12.1 – 14.5 
Total 5 9 6 21 1,624 9,957 16.3 15.8 – 16.8 
Previous distance-decay studies have found that large artefacts became less 
frequent with increasing distance from stone sources. This resulted from the 
gradual reduction of stone, during which larger artefacts were reduced to smaller 
sizes (section 8.2; also Barry 2005; Blumenschine et al. 2008:82; Byrne 1980:117; 
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Hiscock 1988a:106). This distance-decay trend is present on the Cumberland Plain, 
but some inter-site variation is due to the different phases of time during which 
artefacts accumulated on sites. Sites with artefacts accumulated only during Phase 
2 (Deeper IMSTC Sequence absent) tend to have lower proportions of complete 
large artefacts than sites with artefacts accumulated over longer time spans 
(Deeper IMSTC Sequence present). This suggests that flaking during Phase 2 tended 
to reduce silcrete to smaller sizes than prior to this time. This is consistent with 
change over time identified at Parramatta site RTA-G1 (Table 95, section 7.2.2). 
 
 
Figure 116  %Complete 
artefacts >30mm with 
distance from silcrete 
quarries, Deeper IMSTC 
Sequences and upper and 
lower assemblages from 
RTA-G1. 
 
8.4.7  Proportions of cortical silcrete artefacts  
The proportions of cortical artefacts tend to decrease with increasing distance from 
silcrete quarries (Table 126, Figure 117) but with inter-site variation.  
 
 
Figure 117  %Cortical artefacts at 
sites with distance from known 
silcrete quarries. 
 
At sites where Deeper IMSTC Sequences are absent the proportions of cortical 
artefacts tend to decrease with increasing distance from quarries (Table 138, Table 
139, Figure 118). The proportions of cortical artefacts in the upper deposits at sites 
RTA-G1 and RH/CC2 are consistent with this trend (Figure 118). This suggests that a 
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distance-decay trend formed when artefacts accumulated during Phase 2. When 
Deeper IMSTC Sequences are present at sites, the proportions of cortical artefacts 
do not form trends with increasing distance from quarries. Additionally, the overall 
proportions are relatively high at 5.4% and 5.6%. During Phase 1 people may 
sometimes have discarded more cortical silcrete artefacts (as at RTA-G1, Table 96) 
such that time-averaged site samples disrupt distance-decay trends. 
 
Table 138 Spearman’s rho correlation for % cortical artefacts with distance from silcrete quarries 
and raw material sequences.  
Variables Total sites rho Probability 
% Cortical artefacts and Deeper IMSTC Sequence absent 16 - .597 .015 
% Cortical artefacts and Deeper IMSTC Sequence present 12 .046 .888 
% Cortical artefacts and Upper Quartz Sequence absent 21 - .426 .054 
% Cortical artefacts and Upper Quartz Sequence present 7 - .811 .027 
 
 
Table 139   %Cortical artefacts, distance from silcrete quarries and Deeper IMSTC Sequences.  
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Total 9 12 7 28 4,181 84,172 5.0 4.7 – 5.1 
 
 
 
Figure 118  %Cortical 
artefacts with distance 
from silcrete quarries, 
Deeper IMSTC Sequences 
and upper and lower 
assemblages from RTA-G1 
and RH/CC2. 
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When Upper Quartz Sequences are present, six of seven sites have fairly low 
proportions of cortical artefacts (Table 140, Figure 119). One site with an Upper Quartz 
Sequence, RH/CD7, has a high proportion of cortical artefacts. This site is unique in 
the region, having a large number of axe grinding grooves as well as Deeper IMSTC 
and Upper Quartz Sequences. Higher proportions of cortical artefacts at this site 
could be related to its long and unique site history which may have included 
substantial place provisioning (cf. Mackay 2005). 
 
 
Figure 119  %Cortical 
artefacts with distance 
from silcrete quarries 
and Upper Quartz 
Sequences. 
 
Table 140   %Cortical artefacts, distance from silcrete quarries and Upper Quartz Sequences.  
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2.0 – 5.3km 2 5 1 8 1,310 32,509 4.0 3.9 – 4.2 
5.7 – 25.1km 3 5 2 10 956 21,126 4.5 4.3 – 4.7 
Present 
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5.7 – 25.1km 3 1 - 4 127 3,975 3.2 2.8 – 3.6 
Total 9 12 7 28 4,181 84,172 5.0 4.7 – 5.1 
During Phase 1 people tended to discard more cortical silcrete artefacts at some 
sites. During Phase 2 the distance-decay trend shown by sites lacking Deeper IMSTC 
Sequences suggests that people tended to flake silcrete further along the reduction 
continuum when further from quarries. During Phase 2B people tended to discard 
fewer cortical silcrete artefacts, regardless of distance from quarries. Extended 
flaking of silcrete during this phase is consistent with increased bipolar flaking and 
increased core nesting at sites occupied during phase 2B (sections 3.3.4). Site 
RH/CD7 is a clear exception. 
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Some other studies identify a trend of decreasing cortical artefacts with increasing 
distance from stone sources (Barry 2005; Hiscock 1988a), although inconsistencies 
are sometimes noted (McNiven 1993). On the Cumberland Plain the distance-decay 
trend is affected by change over time in the discard of cortical artefacts. 
8.4.8  Proportions of silcrete plain platforms 
The proportions of plain platforms at sites tend to decrease with increasing distance 
from quarries (Table 126, Figure 120). However, inter-site variation is present. 
 
Figure 120  %Plain platforms at sites 
with distance from known silcrete 
quarries.  
The proportions of plain platforms at sites tend to decrease with increasing distance 
from quarries when Deeper IMSTC Sequences are absent from sites (Table 141, Table 
142, Figure 121). The proportions of plain platforms in the upper deposits at sites RTA-
G1 and RH/CC2 are consistent with this trend. As the proportions of platform types 
are related to core flaking and core rotation (sections 3.3.1.2 and 3.3.3.1) the 
distance-decay trend reflects tendencies related to these factors. During Phase 2 
unifacial flaking was predominant near quarries then with increasing distance from 
quarries there may have been increased core rotation, and increased production of 
flakes with other platform types. 
At sites where Deeper IMSTC Sequences are present the proportions of plain 
platforms do not form a trend with increasing distance from quarries. Unifacial 
flaking and production of flakes with plain platforms was probably the preferred 
pattern of reduction during Phase 1, so that some time-averaged samples have 
relatively high proportions of plain platforms given their relative distance from 
quarries. 
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Table 141 Spearman’s rho correlation for % plain platforms with distance from silcrete quarries 
and raw material sequences.  
Variables Total sites rho Probability 
% Plain platforms and Deeper IMSTC Sequence absent 12 - .637 .026 
% Plain platforms and Deeper IMSTC Sequence present 12 - .326 .301 
% Plain platforms and Upper Quartz Sequence absent 19 - .342 .152 
% Plain platforms and Upper Quartz Sequence present 5 - 1.000 <.001 
 
Table 142 %Plain platforms, silcrete quarry distance and Deeper IMSTC Sequences.  
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Figure 121  %Plain 
platforms with distance 
from silcrete quarries, 
Deeper IMSTC Sequences 
and upper and lower 
assemblages from RTA-G1 
and RH/CC2. 
Five sites with Upper Quartz Sequences show a strong distance-decay trend for the 
proportions of plain platforms (Table 141). Future excavations may identify additional 
sites with this tpe of sequence to investigate this trend further.  
Another distance-decay study has identified increased core rotation with increasing 
distance from a quarry (Hiscock 1988a:107) and increased core rotation could have 
contributed to the distance-decay trend shown by Phase 2 site samples on the 
Cumberland Plain. 
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8.4.9  Proportions of silcrete focal platforms 
Only 14 sites assessed for raw material sequences have sufficient numbers of 
classified platforms to analyse the distribution of focal platforms.  
Focal platforms tend to become more frequent with increasing distance from 
quarries (Table 126, Table 143, Figure 122). However, variation between sites is present, 
particularly between 2km and 5km from quarries, and the overall proportion of 
focal platforms for this interval is similar to that for more distant sites combined 
(right side of Table 143). 
 
Figure 122  %Focal platforms at 
sites with distance from known 
silcrete quarries.  
 
Table 143 %Focal platforms and distance from silcrete quarries. 
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On the Cumberland Plain, flakes with focal platforms tend to be small (section 
3.3.3.2) so increased proportions with increased distance from quarries is consistent 
with flaking smaller cores. 
Too few sites are present to investigate trends according to the presence or 
absence of different types of raw material sequences (e.g. only four sites with 
sufficient samples of platforms have Upper Quartz Sequences). 
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An earlier distance-decay study on the Cumberland Plain identified a trend of 
increasing focal platforms with increasing distance from a quarry (Barry 2005:95-
96). In north-west Queensland focal platforms also showed a distance-decay trend 
(Hiscock 1988a:106). 
8.5 Summary and discussion of silcrete distance-decay 
8.5.1  Quarries versus any location with naturally occurring silcrete  
Silcrete occurs naturally in many locations on the northern Cumberland Plain, and 
also on the south-east margin (Figure 45). A few of these locations are classified as 
quarries, having abandoned cobbles with flake scars and very large cortical 
artefacts. Three of these quarries (Col/SA25 and Col/SA26 on Plumpton Ridge, and 
ADI/EP1 near St Marys) are included in the current study. An important question 
here is whether silcrete assemblages from these quarries differ from assemblages 
from other sites where silcrete occurs naturally. 
Analysis of silcrete assemblages (section 8.3.2) finds that silcrete quarries tend to 
differ from other sites on naturally occurring silcrete. Quarries tend to have: 
 High proportions of silcrete MNI, broken artefacts, cortical artefacts, wide 
flakes, and plain platforms; and 
 Low proportions of backed MNI, faceted and focal platforms. 
Quarries do not tend to differ from sites on naturally occurring silcrete for MNI 
cores, bipolar artefacts and complete artefacts more than 30mm in size.  
As quarries differ from other sites on naturally occurring silcrete for most artefact 
variables, it is concluded that quarries are a distinctive type of site on the 
Cumberland Plain. The nature of the assemblages indicate silcrete procurement and 
early stage processing. The low proportions of backed MNI, elongate flakes and 
faceted platforms (section 3.3.3) indicate that backed artefact production was not 
often (if at all) conducted at the quarries – a situation which differs from western 
NSW (Doelman et al. 2001). 
Some sites located on naturally occurring silcrete which are not classified as 
quarries show occasional use of weathered nodules as cores, e.g. site Bun2 (JMcD 
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CHM 2011) and ADI/WP1 (GML+JMcD CHM 2014a). However, the assemblages do 
not indicate that naturally occurring silcrete on these sites was intensively 
extracted. 
The known silcrete quarries are located on eroding slopes (upper, mid and lower 
slopes) where silcrete cobbles could easily have been picked up from the ground 
surface (AECOM 2010; JMcD CHM 2006a, 2006b; Steele 2001). Quarries may have 
been those places where cobbles could easily be obtained and flaked. However, 
silcrete cobbles exposed on a sloping ground surface at Marsden Park were not 
flaked (GML Heritage 2013b). Soil profiles in test pits in this area did not indicate 
substantial soil erosion, so the cobbles were not exposed only after European 
occupation. Other reasons may have influenced which silcrete outcrops were used 
as quarries (e.g. social or other values, Brumm 2010; Jones and White 1988; 
McBryde 1986) or quality of the stone (Doelman et al. 2015). 
8.5.2  Distance from silcrete quarries and time 
It cannot be known which quarries people obtained their silcrete from (Corkill 1999) 
so the study here is based on the nearest known quarry from each site, measured 
as straight-line distance on a map. It is acknowledged that people may have 
obtained silcrete from other quarries and may have carried silcrete over more 
circuitous routes from quarries to the sites of final discard.  
8.5.2.1. Distance-decay trends  
The analysis above considers the distribution of several artefact variables in relation 
to distance from silcrete quarries. Most artefact variables show distance-decay 
trends, as follow: 
 The proportions of broken artefacts decrease, 
 The proportions of backed MNI increase if sites are located on alluvium, 
 The proportions of bipolar artefacts increase slightly, 
 The proportions of complete large artefacts (>30mm in size) decrease, 
 The proportions of cortical artefacts decrease, 
 The proportions of plain platforms decrease, and 
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 The proportions of focal platforms increase. 
Initial trends shown by the proportions of silcrete artefacts, cores and backed 
artefacts are related to artefact breakage. 
However, all distributions show inter-site variation in artefact proportions. Some of 
this variation could be due to people having obtained silcrete from a source other 
than the nearest known quarry. Some variation could have been due to use and 
discard of silcrete under differing social or economic conditions (Hiscock and 
Clarkson 2000; Shiner 2009; Torrence 1989). Or some variation could have been due 
to random chance as people variously added silcrete to their toolkits as they 
discarded artefacts (Brantingham 2003). However, some variation is related to 
other factors, particularly change over time in silcrete technology and/or the way 
that technology was organised. 
8.5.2.2. Distance-decay trends and change over time  
An indication of the phases during which artefacts accumulated may be given by the 
presence or absence of raw material sequences.  
When Deeper IMSTC Sequences are present at sites, silcrete assemblages include 
some Phase 1 artefacts more than 7,000 years old as well as younger Phase 2 
artefacts. With increasing distance from quarries, these sites show only two 
distance-decay trends: 
 The proportions of broken artefacts decrease, and 
 The proportions of complete artefacts >30mm in size decrease. 
Decreasing proportions of broken artefacts indicate reduced breakage, perhaps 
related to the transport of better quality, less flawed stone. Decreasing proportions 
of complete artefacts >30mm in size was probably related to the progressive 
reduction of silcrete as it was carried further from quarries. While the proportions 
of complete artefacts >30mm in size correlate strongly with the proportions of 
cortical artefacts (section 3.4.2) it is notable that the proportions of cortical 
artefacts do not form a matching distance-decay trend when Deeper IMSTC 
Sequences are present at from sites. The stratified site of RTA-G1 at Parramatta has 
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a much higher proportion of cortical silcrete artefacts in its deeper assemblage, 
despite its distance (c.17km) from a known quarry. Higher and/or varied 
proportions of cortical artefacts may have been discarded during Phase 1 at 
different sites. It is also possible that people obtained their silcrete from different 
silcrete sources during Phase 1. 
When Deeper IMSTC Sequences are absent from sites, silcrete artefacts 
accumulated after c.7,000 calBP during Phase 2. With increasing distance from 
silcrete quarries, these sites tend to show distance-decay trends: 
 The proportions of broken artefacts tend to decrease, 
 The proportions of MNI cores tend to increase, 
 The proportions of bipolar artefacts tend to increase, 
 The proportions of complete artefacts >30mm in size decrease, 
 The proportions of cortical artefacts tend to decrease, and 
 The proportions of plain platforms tend to decrease. 
The proportions of the artefact variables in the upper assemblages from sites RTA-
G1 and/or RH/CC2 are consistent with these trends providing further support for 
the operation of distance-decay processes during Phase 2. 
With increasing distance from silcrete quarries, people usually made predominant 
use of silcrete, but they may have tended to carry better quality silcrete, which 
probably resulted in lower artefact breakage. With increasing distance, fewer 
artefacts per core may have been discarded and/or more suitable pieces of silcrete 
may have been used as cores (increased core nesting), resulting in higher 
proportions of MNI cores. On fairly rare occasions, people may have used bipolar 
flaking to extract flakes from very small cores. More extended (late stage) flaking 
may have resulted in fewer artefacts with cortex. More core rotation and increasing 
use of flaking techniques other than unifacial flaking may have resulted in fewer 
plain platforms on unmodified artefacts.  
These distance-decay trends could have come about in part from a ‘neutral’ model 
of silcrete procurement, use and discard (Brantingham 2003). People may have 
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obtained silcrete when they encountered quarries, when they met with other 
people who had been to quarries, or which they found on other sites. The presence 
of occasional silcrete objects (artefacts, heat shatters) more than 50mm in size on 
all sites suggests the occasional discard of silcrete with potential utility. There may 
have been an expedient practice of lithifying the landscape with silcrete material 
(cf. Webb 1993). This practice would also account for the occasional procurement 
of weathered nodules for use as cores and artefact recycling seen on some sites. 
This practice may not have constituted regular place provisioning as such, which 
would have disrupted distance-decay trends. 
Sites at which Upper Quartz Sequences are present show few distance-decay 
trends: 
 The proportions of bipolar artefacts tend to increase and be higher than shown 
by sites lacking Upper Quartz Sequences, and 
 The proportions of plain platforms tend to decrease but a larger number of sites 
would be useful to investigate this trend. 
Much more notable is that sites with Upper Quartz Sequences tend to have low 
proportions of silcrete MNI, high proportions of MNI cores and low proportions of 
cortex, regardless of distance from quarries. These distributions indicate change 
over time with increased use of quartz, and much more extended flaking of silcrete 
to late stage (more bipolar flaking and reduced proportions of cortical artefacts). 
There may have been substantial change in the way that silcrete technology was 
organised during the most recent phase – substantial because these changes are 
not consistent with the previous neutral model of silcrete procurement and discard. 
It should be noted that the various distance-decay trends and the tendencies for 
higher or lower proportions of various artefact variables are time-averaged results, 
and individual cases of silcrete procurement, flaking and discard may be contrary to 
these trends (Brantingham 2003). 
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8.5.3  Backed artefacts and related variables  
When artefact breakage is taken into account, the proportions of backed MNI do 
not show a distance-decay trend, and nor do the proportions of wide and elongate 
flakes. Flake shape and faceted platforms are related to backed artefact production 
(section 3.3.3). 
Elsewhere, Close (1999) notes that backed artefacts had to be a certain size, so they 
were produced to meet requirements regardless of distance from stone sources. On 
the Cumberland Plain, sites with Phase 2 artefacts show distance-decay trends for 
several artefact variables but not for variables which may be directly related to 
backed artefact production, particularly flake shape and faceted platforms.  
The lengths of 784 complete silcrete backed artefacts are plotted with distance 
from silcrete quarries (Figure 123). Length here is the maximum length of the chord 
(unbacked margin). Length ranges between 7mm and 50.5mm, although only seven 
backed artefacts are more than 40mm long. Most backed artefacts vary in length, 
regardless of distance from quarries. There is a slight suggestion that backed 
artefacts tend to decrease in length with increasing distance from quarries, with 
gradually decreasing maximum length (Table 144). Mean length, and the 25th, 50th 
and 75% percentiles also decrease slightly up to 6km from quarries. However, these 
trends relate to the few long backed artefacts which occur within 4km of quarries. 
Backed artefacts at the most distant site (SF-PAD5) appear to be more limited in 
size and with lower maximum and mean lengths, but this could be due to the small 
number of backed artefacts in this sample (n=10). The 50th and 75th percentiles are 
within the range shown by other distance intervals. Overall, it appears that most 
backed artefacts vary in size between c.10mm and 33mm, regardless of distance 
from quarries.  
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Figure 123  Length 
of backed artefacts 
at sites with 
distance from 
quarries. 
 
Table 144  Length of complete backed artefacts with distance from silcrete quarries. 
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2.0 – 3.7km 289 7.0 14.0 18.0 22.0 44.5 18.8 6.4 
4.6 – 5.7km 222 7.0 13.0 16.0 20.5 35.0 16.8 5.5 
6.8 – 12.6km 79 7.5 14.5 19.5 23.0 34.0 19.1 5.7 
15.0 – 17.4km 74 8.5 13.5 17.0 21.5 34.0 18.1 5.8 
25.1km 10 11.0 11.0 18.0 20.3 22.0 16.5 4.4 
Total 784 7.0 14.0 18.0 22.0 50.5 18.5 6.3 
Henry Lawson Drive 
(Hiscock 2003:70) 
34 9.5 - - - 21.2 14.2 3.3 
Balmoral Beach 2 
(Doelman et al. 2008) 
31 n/a - - - n/a 19.6 5.4 
 
Summary length data for backed artefacts from Henry Lawson Drive rock shelter 
(Hiscock 2003) and Balmoral Beach 2 rock shelter (Attenbrow et al. 2008) are also 
included (Table 144). Summary data for Lapstone Creek rock shelter is available 
(Pearce 1973) but those artefacts may not be of silcrete, so the data are not 
included here. The sample from Henry Lawson Drive rock shelter tends to be a little 
shorter than those from the Cumberland Plain, having a lower mean length and a 
lower standard deviation. This site is located c.28km from the nearest known 
silcrete quarry (Twin Creeks). If distance from quarries was a factor influencing the 
size of silcrete backed artefacts then it may have become evident at this distance. 
However, the sample from Balmoral Beach 2 rock shelter appears to be similar to 
those from the Cumberland Plain, having similar mean length and standard 
0
10
20
30
40
50
60
0 5 10 15 20 25
Le
n
gt
h
 o
f 
b
ac
ke
d
 
ar
te
fa
ct
s 
(m
m
) 
Distance from silcrete quarries (km) 
P a g e  | 257 
 
 
deviation. This site is located c.38km from the nearest known silcrete quarry 
(Plumpton Ridge). It is closer to a location at Newtown (c.10km from Balmoral 
Beach; Corkilll 1999) with naturally occurring silcrete, although there is no evidence 
that this was used as a quarry (Val Attenbrow, personal communication). Either the 
length of backed artefacts was unrelated to distance from quarries, or another 
quarry, not yet known to archaeologists, occurred closer to Balmoral Beach.  
On the Cumberland Plain, the longest backed artefacts were discarded within a few 
km of quarries, but the lengths of most backed artefacts vary between c.10mm and 
33mm regardless of distance from quarries. Variation in the length of backed 
artefacts may have been a critical requirement. Backed artefacts of different 
lengths may have been hafted into multicomponent implements (e.g. Plate 13). If so, 
this could account for the lack of a trend in the length of backed artefacts, and 
other associated variables (flake shape, faceted platforms) with distance from 
quarries. Within the parameters set by distance from quarries it appears that 
people still found ways to continue to produce backed artefacts of the lengths they 
required.  
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9.0 Stream order model  
9.1 Introduction 
Other factors may have influenced the nature of artefact assemblages, such as the 
differing ways technology was organised in relation to water and food resources 
and human mobility (e.g. Barton 2003, 2008; Kelly 1992; Robins 1997; Thorley 1998, 
2001; Veth 1993). Essentially, these models envisage increased residential 
occupation – more people and/or more lengthy occupation – at sites associated 
with larger water supplies and/or richer food resources. Landscapes associated with 
small ephemeral streams or limited food resources may have been occupied for 
short periods of time and would show evidence of higher residential mobility. This 
approach to analysis and interpretation has been followed on the Cumberland 
Plain, with the development of a stream order – distance from stone sources model 
(JMcD CHM 2008a; McDonald 1996; White and McDonald 2010) and a landscape 
resources model (ERM 2006; GML Heritage 2015, 2016; Kohen 1986).  
Applying such models to open sites has been criticised (Holdaway and Fanning 
2008, 2014; Shiner 2009) because artefacts on open sites likely accumulated over 
long spans of time and under different weather, climate or social conditions. These 
authors argue that no single land use strategy could account for variation within or 
between sites. However, patterns associated with resources which vary in 
availability have been identified from long-term accumulations of artefacts (e.g. 
Barton 2003, 2008; JMcD CHM 2008a; Thorley 1998, 2001; Veth 1993). That is, 
time-averaged patterns emerge despite short-term variation. This is especially so in 
the Western Desert, where flexibility in mobility patterns and strategy switching 
enabled occupation of that marginal environment (Veth 2006).  
The current study asks whether sites show patterns in relation to water resources 
(stream order) on the Cumberland Plain, and if so, how those patterns could be 
interpreted. The analysis takes into account the potential effects which change over 
time had on the nature of silcrete assemblages (sections 7.3 and 7.4). It was 
intended to investigate the nature of silcrete assemblages in relation to food 
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resources. However, due to limitations on existing knowledge regarding the 
availability of edible plant foods (section 4.2.4) and the inter-related nature of 
landscape variables (section 4.4) that study could not be conducted using the 
available data. 
9.2 Resources, human mobility and stone artefact assemblages 
Many studies have considered links between stone artefacts and human mobility, 
land use and settlement organisation (e.g. Bamforth 1991; Barton 2003, 2008; 
Binford 1977, 1979, 1980; Carr 1994; Clarkson 2006; Hiscock 1996; JMcD CHM 
2005a; Mackay 2005; McLaren 2011; Morwood and L’Oste-Brown 1995; Nelson 
1991; Parry and Kelly 1987; Torrence 1983, 1989; Veth 1993, 2006). 
Sites occupied for extended periods of time (lower residential mobility) may have 
been provisioned with raw materials; that is, people may have carried useable stone 
to these sites as stockpiles for current and future use (Kuhn 1995; Mackay 2005; 
Nelson 1991). Raw material supplies may have consisted of different raw material 
types, manuports or different artefact types. Stockpiles may have included stone in 
varying stages of reduction, depending on the extent of preparation prior to 
transport and recycling of artefacts found on sites.  
At residential bases people may have carried out a range of tool production and 
maintenance activities, including production of tools for immediate use as well as 
tools to be used during day-time foraging trips (Nelson 1991). There may have been 
more expedient core flaking with artefacts discarded in varying stages of reduction 
(Hiscock 1996; Mackay 2005; Parry and Kelly 1987; Veth 1993). Higher proportions 
of bipolar artefacts may be present (Hiscock 1996) and flakes may tend to be wide 
with broad plain platforms. More artefacts could retain cortex (McLaren 2011). 
When people occupied sites for short periods of time (high residential mobility), 
especially if visits were infrequent, they would have carried equipment with them, 
rather than stockpiling supplies. Portable tool kits (personal provisioning) probably 
consisted of a small number of light-weight multifunctional items, hafted 
implements or a few small specialised implements (e.g. Bamforth 1991; Bleed 1986; 
Binford 1979; Clarkson 2006; JMcD CHM 2005a:31; Kuhn 1994:435-437; Mackay 
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2005; Mulvaney 1975:2-73; McNiven 1994; Nelson 1991; Veth 2006; Veth et al. 
2008). Locally available raw materials would have been used where possible. At 
these sites, people would have carried out fewer activities, depending on the nature 
of the specific tasks (JMcD CHM 2005a:30-31). Implements would be discarded 
when no longer needed. If raw materials were not locally available, transported 
artefacts would have been of good quality stone. Flaking techniques would have 
conserved available stone, with increased platform focalization (Hiscock 
1988a:106).  
Expectations for the nature of artefact assemblages in relation to residential 
occupation and mobility can be developed for the Cumberland Plain. Artefact 
assemblages associated with extended occupation and place provisioning may 
include: 
1. Lower proportions of silcrete and diverse raw material types, due to place 
provisioning with lithics from various sources, 
2. Higher rates of artefact breakage due to increased trampling, more hearths, 
more intense use of hearths, and site cleaning which may have included 
burning, 
3. More bipolar artefacts as an expedient flaking technique, 
4. Some large artefacts in early stages of reduction, being stockpiled items, 
5. More cortical artefacts from flaking stockpiled items in early stages of reduction, 
6. More wide flakes from expedient flaking, and 
7. More plain platforms from unifacial flaking. 
Artefact assemblages associated with short-term occupation and personal 
provisioning may include: 
8. Emphasis on locally available raw materials and few artefacts of exotic raw 
materials, 
9. Lower rates of artefact breakage due to use of better quality stone, less 
trampling and less heat breakage because fewer hearths would be present,  
10. More backed artefacts, being small replaceable components of multifunctional 
hafted implements in portable toolkits, 
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11. Small artefacts due to transport of smaller pieces of stone and conservation of 
available transported stone, 
12. Fewer broad plain platforms due to increased core rotation and increased use of 
flaking techniques other than unifacial flaking, and  
13. Increased focal platforms due to increased core conservation or flaking small 
cores. 
It could be expected that sites with access to diverse or resource-rich vegetation 
communities may have been occupied for extended periods, but on occasion they 
may also have been occupied for short periods of time (e.g. Meehan 1988), so 
artefact assemblages may include some evidence of high mobility as well as 
evidence for low mobility. However, sites associated with limited resources may be 
dominated by evidence of higher mobility, because they would rarely (or never) 
have been occupied for extended periods. Time averaged site samples would tend 
towards the common attributes of discarded artefacts, despite variation between 
the nature of individual visits. 
9.3 Stream order model on the Cumberland Plain 
Previous archaeological studies on the Cumberland Plain identify water supply as an 
important factor influencing Aboriginal land use and site occupation (e.g. Kohen 
1986; Smith 1989a, 1989b; JMcD CHM 2008a; McDonald et al. 1994; McDonald 
1996; White and McDonald 2010). Permanent and/or reliable water could have 
been able to support large groups of people, or small groups of people for long 
periods of time. Temporary streams with ponds could have supported small groups 
for short visits.  
Studies conducted in the 1980s (e.g. Kohen 1986; Smith 1989a, 1989b) were based 
largely on surface survey, but it is now known that the region’s archaeology cannot 
be characterised by recording surface artefacts (section 1.4).  
For Stage 1 of the Rouse Hill Infrastructure Project, water supply was classified as 
permanent, temporary, minor or absent (McDonald et al. 1994:266). However, use 
of a more formal stream order classification (section 4.2.3) has since been adopted, 
because modern land use has changed the region’s hydrology (McDonald and 
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Mitchell 1994; McDonald 1996). McDonald (1996) proposed an archaeological 
model relating to stream order: 
 1st order streams would have sparse archaeological evidence, being little more 
than background artefact scatter; 
 2nd order streams would include sparse evidence as well as some focussed 
activities, e.g. one-off camp locations, single knapping episodes; 
 3rd order streams would have evidence of more frequent occupation, including 
repeated occupation by small groups, knapping areas and evidence of 
concentrated activities; 
 Major streams (5th order, probably also 4th order) would have evidence for more 
permanent or repeated occupations, with complex sites and stratified deposits, 
depending on sedimentation processes; 
 Stream confluences may have provided foci for activity. The size of the 
confluence (in terms of stream order) could have influenced the size and/or 
complexity of the archaeological evidence (McDonald 1996:116). 
The stream order classification was subsequently applied to several consulting 
projects (e.g. JMcD CHM 2006c, 2008a, 2009b) and to an analysis of artefact 
distribution based on test excavation data from the Rouse Hill district (White and 
McDonald 2010). These studies identify variation between artefact assemblages 
associated with different stream orders, with some inter-site variation. A study 
along Second Ponds Creek identified a close match between stream order and the 
nature of assemblages (e.g. JMcD CHM 2008a). Another study of 25 sites found that 
most conformed to a combined ‘stream order / quarry distance’ model but that a 
few sites did not fit the patterns (GML+JMcD CHM in prep.). Those studies did not 
identify the potential effects of change over time and different site histories on 
artefact accumulations and the nature of time-averaged assemblages (cf. Sellet 
2006). 
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9.4 Analysis of silcrete assemblages 
9.4.1  Sites and variables included in the analysis 
The current study takes the potential effects of differing site histories into account 
by analysing assemblages from Phase 2 sites lacking evidence for substantial change 
over time (lacking Deeper IMSTC or Upper Quartz Sequences). 
On the Cumberland Plain the presence or absence of Deeper IMSTC Sequences is 
related strongly to stream order. Most sites associated with the largest streams (4th 
and 5th order) have Deeper IMSTC Sequences. Sites associated with the smallest 
streams (1st and 2nd order) usually lack Deeper IMSTC Sequences (section 5.4.1). 
When sites with Deeper IMSTC and Upper Quartz Sequences are removed from the 
data, fewer sites associated with larger streams remain. However, it is possible to 
add the assemblages from the upper units of the two stratified sites, RTA-G1 and 
RH/CC2, to the analysis, increasing the number of sites associated with large 
streams. These two silcrete assemblages are thought to be chronologically 
comparable to other sites lacking raw material sequences. 
Most artefact variables analysed in other chapters in this study are also analysed 
here, except there are too few sites to analyse the proportions of focal platforms 
and complete artefacts more than 30mmin size. The analysis also takes distance 
from known silcrete quarries into account (cf. chapter 8.0). Statistical tests were 
conducted by grouping sites associated with 1st and 2nd order streams together, and 
grouping sites associated with 3rd, 4th and 5th order streams together. Spearman’s 
rho was calculated on the raw stream order classifications. Statistical tests indicate 
the presence of significant distributions for the proportions of silcrete MNI, bipolar 
artefacts, elongate flakes and faceted platforms (Table 145). Descriptive analyses and 
graphs distinguish sites associated with 3rd order streams as this category was 
distinguished from smaller streams in the original model (McDonald 1996).  
 
9.4.2  Analysis in relation to stream order  
Sites associated with 1st and 2nd order streams tend to have higher proportions of 
silcrete MNI, regardless of distance from silcrete quarries (Table 146, Figure 124). Sites 
P a g e  | 264 
 
 
associated with 3rd, 4th or 5th order streams tend to have lower proportions of 
silcrete MNI. 
The proportions of silcrete backed MNI did not initially form a statistically significant 
trend at the inter-site scale (Table 145). However, the three assemblages from sites 
associated with large streams have low proportions of backed MNI (Table 147, Figure 
125). 
Table 145  Results of statistical tests – Stream order.  
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% Broken artefacts  11 .093 .335 - .331 .316 .465 .010 .978 
% MNI Cores  12 .049 .468 .250 .405 .683 - .204 .525 
% Backed MNI  12 .154 .185 - .389 .202 .223 - .423 .170 
% Bipolar artefacts  12 .560 .005 .722 <.001 .059 .450 .143 
% Cortical artefacts  14 .000 1.000 .000 1.000 .609 .091 .756 
% Wide flakes  12 .191 .135 .444 .121 .291 .487 .108 
% Elongate flakes  11 .416 .024 - .694 .002 .055 - .660 .027 
% Plain platforms  12 .047 .474 .222 .455 .465 .345 .272 
% Faceted platforms  12 .300 .057 - .556 .028 .088 - .615 .033 
Notes to table. Analyses sites lacking Deeper IMSTC and Upper Quartz Sequences, with the addition 
of RH/CC2/Top and RTA-G1/0-20cm. ‘x’ indicates distributions which fail the assumption of 
proportional odds (parallel lines) for ordinal regression.  
 
Table 146  %Silcrete MNI and stream order.  
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Figure 124  %Silcrete 
MNI with stream 
order and distance 
from silcrete 
quarries. 
 
Table 147  %Backed MNI and stream order.  
Stream order % Backed MNI at sites Total 
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Figure 125  %Backed 
MNI with stream 
order and distance 
from silcrete 
quarries. 
Sites associated with 3rd, 4th or 5th order streams tend to have slightly higher 
proportions of silcrete bipolar artefacts (Table 148, Figure 126). Sites lacking silcrete 
bipolar artefacts, or at which bipolar artefacts are extremely rare, are associated 
with small streams. Of course, sites associated with small streams but occupied 
during Phase 2B may have higher proportions of bipolar artefacts.  
Sites associated with larger streams tend to have lower proportions of silcrete 
elongate flakes (Table 149, Figure 127). Only two of six sites associated with small 
streams have similar proportions of elongate flakes. 
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Table 148  %Bipolar artefacts and stream order.  
Stream order % Bipolar artefacts Total 
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Figure 126  %Bipolar 
artefacts with stream 
order and distance from 
silcrete quarries. 
 
Table 149  %Elongate flakes and stream order.  
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Figure 127  %Elongate 
flakes with stream order 
and distance from 
silcrete quarries. 
The proportions of plain platforms tend to vary with distance from quarries, and 
when this factor is taken into account there is a suggestion that the proportionsof 
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128). Additional sites associated with small streams and located more than 5km 
from quarries would be useful to test this distribution. 
Sites associated with larger streams have low proportions of silcrete faceted 
platforms; and only one site associated with a 2nd order stream has a low 
proportion (Table 151, Figure 129). 
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Figure 128  %Plain 
platforms with stream 
order and distance from 
silcrete quarries. 
 
Table 151  %Faceted platforms and stream order.  
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Figure 129  %Faceted 
platforms with stream 
order and distance from 
silcrete quarries. 
 
9.5 Discussion of stream order model 
Silcrete artefact assemblages show some time-averaged patterns in relation to 
stream order where assemblages are thought to have accumulated largely during 
Phase 2A (Deeper IMSTC and Upper Quartz Sequences absent). The patterns are 
present at sites where artefacts accumulated over many centuries or a few 
millennia, and probably during different rainfall regimes (section 4.6). During this 
phase change in rainfall could have affected available water supplies, and social 
conditions may have varied (different generations with different alliances and 
personal preferences). People may have occupied individual sites in different ways, 
with some visits for one or a few days, or some visits extending for days to weeks. 
The patterns which emerge are averages of that variation  
Lower mobility at sites associated with larger streams is indicated by: 
 A tendency for low or moderate proportions of silcrete MNI, indicating 
increased use of other raw material types,  
 Moderate or relatively high proportions of silcrete bipolar artefacts, consistent 
with slightly increased length of occupation, and 
 Possibly increased proportions of plain platforms. 
These results are consistent with two of the expectations relating to resource use 
and mobility (section 9.2). However, two other expectations are not met. Artefact 
breakage and the proportions of cortical artefacts relate to distance from quarries 
(sections 8.4.3 and 8.4.7) not to stream order. If sites associated with larger streams 
were provisioned with raw material supplies then the stone may have been 
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prepared for transport if sites were distant from quarries. It is unfortunate that the 
proportions of large artefacts could not be analysed in relation to stream order.  
Silcrete assemblages from sites associated with 1st and 2nd order streams tend to 
have moderate or high proportions of:  
 Silcrete MNI, 
 Backed MNI, 
 Elongate flakes, and  
 Faceted platforms. 
These four variables relate to the production of silcrete backed artefacts (section 
3.3.4). The presence of higher proportions of these variables indicate a stronger 
signature relating to backed artefact production at sites associated with small 
streams. Non-backed tool needs may have sometimes been met by using left-over 
artefacts produced during backed artefact production or by meeting tool needs by 
using the same flaking technology. At larger streams there was a tendency for 
increased expedient flaking – in addition to some backed artefact production.  
The available evidence suggests that there may have been some time-averaged 
variation in mobility with stream order. There are two possible scenarios, based on 
collector and forager organisations (Binford 1980): 
 People living in extended groups (bands) may have established residential bases 
at sites associated with larger streams, and sent out logistically organised task 
groups who occupied sites associated with small streams and relied on backed 
artefact technology, or 
 People living in extended groups (bands) may have tended to occupy sites 
associated with large streams for longer spans of time and sites associated with 
small streams for short spans of time. 
It is not possible to distinguish between these two models with the available data. 
The identification of a stronger signature for backed artefact technology in 
association with small streams was not expected prior to this study. There have 
been many discussions about backed artefacts and their place in Australian 
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prehistory (e.g. White 2011) but they have not included discussions about the 
landscape setting of backed artefact production. It would be tempting to suggest 
that backed artefact technology facilated occupation of hilly landscapes with 
ephemeral water supplies (cf. Hiscock 1994). 
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10.0 Silcrete knapping concentrations 
10.1 Introduction 
Silcrete knapping concentrations are a notable component of many sites on the 
Cumberland Plain. These are assemblages derived from intensive flaking of one or 
more blocks of silcrete and represent short ‘moments’ in time (Malinsky-Buller et al. 
2011; Stern et al. 2013; cf. Bailey 2007). Most are probably Late Holocene in age, as 
most include evidence for bulk production of backed artefacts.  
In this chapter concentrations are defined (section 10.2) and their nature as 
episodes of activity is discussed (section 10.3) with a concentration from site 
RH/AC2 described as an example (section 10.3.2). Concentrations are then analysed 
using multivariate (cluster) analysis (section 10.4). They are then analysed in 
relation to distance from silcrete quarries (section 10.5) to assess whether they 
show the same kinds of trends which time-averaged site samples show. The results 
of this research and its contribution to an understanding of open artefact sites on 
the Cumberland Plain is then discussed (section 10.6). 
In this chapter any reference to a concentration means a silcrete knapping 
concentration as defined in section 10.2. 
10.2 Silcrete knapping concentrations defined 
Knapping activities could have varied, from the removal of one artefact to the 
removal of many thousands of artefacts. Concentrations, which include hundreds or 
thousands of artefacts, occur at the high end of the knapping continuum, making 
them relatively large-scale knapping episodes.  
Concentrations can be seen most clearly on sites with low density scatters (Figure 4, 
Figure 130, Figure 131). In the absence of conjoining, relatively small or dispersed 
concentrations (e.g. densities of less than 80 artefacts/m2) may be difficult to 
distinguish from scatters consisting of moderate to high artefact densities (e.g. site 
RH/CC2, Figure 5). A set of criteria were developed for the current study to 
distinguish concentrations from artefact scatters.  
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Figure 130  Artefact distribution and partially 
dispersed knapping concentration at ADI/WP3/A. 
From JMcD CHM 2009a. Numbers in excavated squares 
give counts of flaked artefacts. Darker shading indicates 
squares with higher artefact counts. 
Figure 131  Association of hearth and 
silcrete knapping concentration at CRA3-
6/A. 
 From JMcD CHM 2009b. 
The criteria are: 
 At least one one-metre square with a density of 100 or more silcrete artefacts 
(≥100 silcrete artefacts/m2), although most concentrations have two or more 
high density squares;  
 At least two adjacent one-metre squares with densities of 40 or more silcrete 
artefacts/m2, although most concentrations have additional one-metre squares 
with more than 50 artefacts/m2;  
 300 artefacts or more in total, although two-fifths of concentrations have more 
than 1,000 artefacts each;  
 Distinguishable from a surrounding lower density scatter;  
 Conjoinable artefacts, if conjoining was attempted (Hiscock and Mitchell 
1993:29-30);  
 Hundreds of artefacts of the same or similar stone, in terms of texture, flaws, 
inclusions, or colour (depending on post-discard colour change, e.g. Corkill 
1997), and 
 Presence of small flaking debitage (Hiscock and Mitchell 1993:30-31). 
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For concentrations to be identified they must not have been overly displaced after 
discard. The criteria used here may bias the identified knapping concentrations to 
sites with landscape stability or to climatic phases of stability and artefact burial (cf. 
section 4.6). 
Some sites have moderate and high density silcrete artefact distributions but fail to 
meet the above criteria. At site RH/CD10/Area A, a distinctive flawed yellow-pink-
orange silcrete was dispersed over a distance of c.7m. The overall distribution 
(Figure 132) does not meet the above criteria, although some of the artefacts 
probably came from a concentration. Some other excavation areas also show linear 
to diagonal distributions which may also have been concentrations but since 
dispersed (e.g. RH/SP13H/A, RH/SP13K/A, JMcD CHM 2008a).  
 
 
Figure 132  Distribution of silcrete 
artefacts at RH/CD10/A. 
From JMcD CHM 2007a. Numbers in 
excavated squares give counts of 
flaked artefacts. Darker shading 
indicates squares with higher artefact 
counts.  
Concentrations as defined for the current study may include some unrelated 
artefacts discarded at different times but which coincidentally occurred in the same 
squares. Some artefacts from concentrations may have been discarded beyond the 
boundaries of the concentrations as mapped. Some artefacts may have been reused 
and removed at a later time. While the majority of artefacts in a concentration will 
have derived from a single flaking episode, the current study regards the 
assemblages from concentrations as samples rather than populations, to take these 
uncertainties into account. 
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The locations of concentrations in this study are shown on Figure 133. 
 
Figure 133  Locations of silcrete knapping concentrations analysed in this study. 
Base map drawn by the author from compiled 1:25,000 scale topographic map sheets. 
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10.3 Silcrete knapping concentrations as episodes of activity 
10.3.1  Issues relating to silcrete knapping concentrations 
Concentrations are the outcomes of sequential episodes of activity, being parts of 
wider chains of activity conducted across space and over short spans of time (cf. 
Bailey 2007:208-209). Concentrations are the results of episodes of activity rather 
than events, because the flaking and discard of silcrete forms a component of the 
entire life-history of the silcrete (cf. Dobres and Hoffman 1994; Johnson 2007; 
Lerner 2007; Shott 2007; Way 2018). Each episode occurs at the time scale of 
‘ethnographic’ or ‘anthropological’ observation (Holdaway and Wandsnider 2006; 
Stern 2015) and they can be interpreted as activity at this scale. 
Variation between concentrations could be present, arising from the quantity of 
silcrete and the size of transported pieces, whether the silcrete had been prepared 
before import, the flaking quality of the stone, which flaking techniques were used, 
what solutions were applied to problems encountered during knapping, the shapes 
of flakes that were sought, the intensity of flaking, the types of tools which were 
made, whether or how many manufacturing rejects were abandoned, and the 
numbers, types and sizes of artefacts which were removed for use or reduction 
elsewhere.  
Backed artefacts occur in all silcrete concentrations in the current study, and 
backing flakes from making backed artefacts occur in two-thirds of these (Appendix 
12, Table A208). Many backing flakes are probably too small to have been recovered 
by the meshes used for sieving (cf. Way and Pope 2018) and are probably more 
frequent in concentrations than the available data suggests. Most concentrations 
analysed here were associated with bulk production of backed artefacts – an 
abundance strategy which produced large numbers of small limited-use tools, as 
opposed to an extension strategy which produced few long-life tools (Hiscock and 
Attenbrow 2005a:139-140). 
Most concentrations include retouched tools and other artefacts of the same 
silcrete which appear (from macroscopic visual inspection) to have usewear 
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(Appendix 12, Table A208), suggesting that other tool retouching and/or use activities 
were often associated with bulk backed artefact production. 
Concentrations are not uncommon in Australia, although they can vary in kind. 
Hiscock and Mitchell (1993:23-28) reviewed the then available literature on 
knapping concentrations of various raw material types. They have variously been 
referred to as knapping floors, chipping stations, factories and workshops. Activities 
variously include flake production or certain stages of flake production, and 
production of retouched implements. Hiscock and Mitchell (1993:28) conclude that 
‘reduction sites’ are the locations of early-stage stone artefact manufacture which 
precede use.  
Silcrete knapping concentrations on the Cumberland Plain do not strictly meet the 
definition of reduction site, because many include retouched and/or used tools 
which appear to be of the same silcrete which was intensively flaked. Use of these 
tools to prepare hafting materials for backed artefacts is a possibility. Activities 
which formed most concentrations may have included some aspects of tool use as 
well as artefact production. For this reason I do not use the term reduction site 
when referring to these assemblages. 
10.3.2  An example: RH/AC2/Q40/A 
RH/AC2 is located on a lower slope near Second Ponds Creek at what is now Rouse 
Hill Anglican College. Excavation by Garling (2000) recovered a small concentration 
(outlined in red on the left side of Figure 134). An additional concentration may have 
been present in and beyond square P42 (far left side of the excavation area). 
Artefact recording and conjoining was carried out for the consulting study (Garling 
(2000). The following summarises evidence of the activity.  
Concentration RH/AC2/Q40/A as defined here weighs 337 grams. This is less than a 
small silcrete cobble less than 100mm in size might weigh. Two unrelated blocks of 
silcrete appear to have been transported: a flawed glossy yellow-orange block (with 
some post-discard colour change) and a glossy pink block. Conjoin sets #1 and #2 of 
yellow glossy silcrete measure c.60mm and c.70mm in size (Figure 135), and the 
original transported block may not have been more than 100mm in maximum size. 
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The original size of the block of pink silcrete is not known but may have been 
smaller than the flawed glossy yellow-orange block, as fewer artefacts are of this 
stone.  
 
Figure 134  Knapping concentration and conjoins at RH/AC2/Q40/A.  
Figure modified, from Garling 2000. Numbers indicate artefact counts. Darker shading indicates 
higher artefact counts. Coloured lines indicate conjoins of different silcrete blocks. Locations of 
conjoined artefacts are indicative only, because the precise locations of artefacts within 1m squares 
is not known. The excavation touched on a second concentration in squares P42, P41 and Q41. 
 
 
 
Figure 135  Part of conjoin set #1 at 
RH/AC2/Q40/A.  
From Garling 2000. Arrows indicate 
flake removals. Numbers are artefact 
identification codes.  
 
The silcrete was flaked before import. Only eight artefacts retain cortex (1.8%) 
indicating that most cortex had been previously removed. An extensive flaw surface 
on the dorsal of conjoin set #2 indicates that the glossy yellow-orange silcrete was a 
flawed block. As silcrete in this region occurs naturally as cobbles, pebbles or 
weathered nodules, this flawed block must have been broken from a larger cobble. 
Occasional artefacts have remnant dull flaked surfaces which contrast to glossy 
flaked surfaces. The remnant dull surfaces indicate that the silcrete was flaked prior 
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to heating, then the silcrete was heated, and then flaked again resulting in glossy 
flake scars which intercept duller pre-existing flake scars (Corkill 1997; Domanski 
and Webb 1992; Hiscock 1993; Rowney and White 1997; Schmidt and Mackay 
2016). Few heat shatters were directly associated with the knapping concentration, 
indicating that heat treatment did not occur within the excavated area (cf. Moore 
2000; McDonald and Rich 1994). 
Conjoin sets #1 and #2 both include cores, indicating that the yellow-orange block 
of silcrete was flaked into smaller pieces, which in turn were used as cores (an 
example of core nesting, Moore 2000). Cores were flaked using unifacial, bifacial 
and asymmetric flaking, with cores rotated during flaking (Figure 135). The four cores 
were discarded when fairly small (between 15g and 26g) and when step and hinge 
terminations limited further flaking. On-site flaking was intensive with 78% of all 
artefacts less than 20mm in maximum size.  
Backed artefact production appears to have been the primary purpose of the 
knapping activity. A total of 30 backed artefacts and fragments are present (a high 
proportion of 7.7% of flaked artefacts). Several appear to have been only partly 
made; these have minor or irregular backing, or impact points at breaks indicating 
breakage during manufacture. Two backing flakes, produced during backing 
retouch, are also present (cf. Way and Pope 2018). Some backed artefacts of red 
glossy silcrete have usewear and may have been made and used elsewhere. If so, 
they may have been discarded when replacements were made (cf. Baker 1992).  
A few other tools with retouch and/or usewear are also present, including a small 
steep-edged ‘scraper’. One of these tools was conjoined (conjoin set #10) and 
others also appear to be of the same silcrete as flaked at the concentration. 
Activities other than backed artefact production were carried out, perhaps involving 
hafting backed artefacts into composite implements. An indication of the tool using 
tasks could potentially be obtained by usewear and residue analysis.  
It would be possible to examine all assemblages from concentrations from the 
Cumberland Plain, to provide accounts of the many individual stone procurement, 
core flaking and tool production activities. If several concentrations show similar 
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approaches to procurement, flaking and discard it may be possible to identify 
Generalised Reduction Sequences (cf. Hiscock 1993) for the Cumberland Plain. 
10.3.3  Silcrete knapping concentrations on RH/SP12South 
RH/SP12South was noted above (sections 2.4.3 and 4.5.5.3, Figure 4). The extent of 
excavation and recovery of several concentrations makes it possible to consider 
how the concentrations vary from each other, and relative to the regional range of 
variation. The regional range of variation is established by the procedure described 
in section 2.6.3, with data inherent within Table 5 and given on Table 152. Eight 
silcrete knapping concentrations from RH/SP12South meet the criteria for this 
study. Full data for these concentrations are included in Appendix 12, Appendix 13 and 
Appendix 14. Summary data are given on Table 153. The concentrations vary as 
follows: 
Table 152  Regional range of variation for artefact variables for silcrete concentrations. 
Artefact variables 
Regional range of variation 
% Low % Moderate % High 
Total weight 165.6 – 511.0 g 581.0 – 1,153.7 g 1,362.7 – 6,962.5 g 
% Broken 67.5 – 78.8 % 79.4 – 85.3 % 85.9 – 95.7 % 
% Cores 0.1 – 0.7 % 0.8 – 1.5 % 1.6 – 2.9 % 
% MNI Cores 0.8 – 2.1 % 2.3 – 3.3 % 3.8 – 6.8 % 
% Backed artefacts 0.3 – 1.9 % 2.0 – 2.9 % 3.0 – 8.4 % 
% Artefacts >30mm 0.6 – 3.4 % 3.6 – 6.9 % 7.0 – 13.4 % 
% Complete >30mm 3.5 – 7.5 % 7.9 – 13.4 % 17.0 -35.4 % 
% Cortical artefacts 0.3 – 3.3 % 3.4 – 5.1 % 5.6 – 11.4 % 
% Elongate flakes 3.8 – 9.9 % 10.1 – 14.0 % 17.2 – 23.4 % 
% Plain platforms 25.2 – 34.4 % 35.0 – 41.7 % 43.4 – 52.7 % 
% Faceted platforms 0.7 – 6.2 % 7.9 – 13.0 % 13.6 – 22.5 % 
% Focal platforms 11.3 – 16.3 % 17.3 – 22.7 % 23.1 – 30.8 % 
 
 Weight ranges from light (323g) to heavy (2,993g); 
 The proportions of broken artefacts range from moderate (80%) to high (89.5%); 
 The proportions of cores range from low (0.1%) to moderate (1.1%), as do the 
proportions of MNI cores for two concentrations (1.3% and 2.6%); 
 The proportions of backed artefacts range from low (1.9%) to high (4.3%); 
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 The proportions of artefacts more than 30mm in size range from low (0.6%) to 
high (8.4%), as do the proportions of complete artefacts more than 30mm in 
size (low of 3.5% to high of 22.2%); 
 The proportions of cortical artefacts range from low (2.1%) to high (9.8%); 
 Two concentrations with sufficient flakes for analysis have high proportions of 
elongate flakes (c.17%); 
 The proportions of plain platforms in three concentrations range from low 
(25.2%) to moderate (41.1%); 
 The proportions of faceted platforms in four concentrations range from 
moderate (7.9%) to high (22.5%); and 
 The proportions of focal platforms in three concentrations range from moderate 
(21.9%) to high (27.6%). 
 
Table 153  Knapping concentrations and artefact variables at RH/SP12/South. 
Variables OA/A OA/B OA/F OA/G OA/H OA/K NthA/L NthA/M 
Total artefacts (n) 500 548 639 3,725 1,039 1,858 952 683 
Total weight (g) 673.6 592.0 473.5 2,993.4 1,446.2 - 600.9 323.0 
% Broken 87.4 80.1 80.0 83.1 84.8 83.4 87.9 89.5 
% Cores - - - 0.6 1.1 1.1 0.9 0.1 
% MNI Cores - - - 1.3 - 2.6 - - 
% Backed artefacts - - 2.8 3.0 2.3 2.6 4.3 1.9 
% Artefacts >30mm 8.4 7.7 3.4 3.9 7.2 3.0 0.9 0.6 
% Complete >30mm - 19.3 5.5 10.2 22.2 9.1 3.5 - 
% Cortical artefacts 9.8 3.6 6.1 2.7 6.4 3.6 2.1 2.6 
% Elongate flakes - - - 17.2 - 17.5 - - 
% Plain platforms - - - 34.4 25.2 41.1 - - 
% Faceted platforms - - - 9.6 22.5 7.9 - 14.0 
% Focal platforms - - - 25.3 21.9 27.6 - - 
Variation between concentrations for most artefact variables is substantial 
compared to the regional range of variation (Table 154). This means that silcrete 
knapping concentrations can vary widely on any one site, and that a single knapping 
concentration may not be representative of the range of variation present on a site. 
This can be seen by a plot of the proportions of cortical artefacts in concentrations 
at RH/SP12South (Table 155, Figure 136). Two concentrations approximate the 
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proportion of cortical silcrete arefacts in the total site sample, but six 
concentrations do not.  
The presence of substantial intra-site variation has implications for the way open 
sites are excavated. An issue for future research is whether some sites have a 
greater range of intra-site variation than other sites. Aggregation sites attended by 
people from non-local social groups (e.g. associated with ceremonies, Mathews 
1897) may show more intra-site variation than other sites in similar landscape 
settings not occupied in this way. Large numbers of activity areas would need to be 
excavated to address such matters.  
 
Table 154  Knapping concentrations and artefact variables at RH/SP12/South compared to the 
regional range of variation (low, moderate or high). 
Artefact variables 
Regional range of variation 
Low Moderate High 
Total weight F, M A, B, L G, H 
% Broken - B, F, G, H, K A, L, M 
% Cores G, M H, K, L - 
% MNI Cores G K - 
% Backed artefacts M F, H, K G, L 
% Artefacts >30mm F, K, L, M G A, B, H 
% Complete >30mm F, L G, K B, H 
% Cortical artefacts G, L, M B, K A, F, H 
% Elongate flakes - - G, K 
% Plain platforms G, H K - 
% Faceted platforms - G, K H, M 
% Focal platforms - H G, K 
See Table 152 for proportions which define regional range of variation. Letters are the codes for each 
silcrete knapping concentration listed on Table 153. 
 
Table 155  %Cortical artefacts in assemblages at RH/SP12/South and accumulating proportion. 
Silcrete Concentration Artefacts with cortex Total artefacts % Cortical artefacts  
RH/SP12Sth/OA/G 101 3,725 2.7 
RH/SP12Sth/OA/F 39 639 6.1 
RH/SP12Sth/OA/H 67 1,039 6.4 
RH/SP12Sth/OA/K 67 1,858 3.6 
RH/SP12Sth/OA/B 20 548 3.6 
RH/SP12Sth/OA/A 49 500 9.8 
RH/SP12Sth/NthA/M 18 683 2.6 
RH/SP12Sth/NthA/L 20 952 2.1 
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Figure 136  
%Cortical artefacts 
in concentrations 
at RH/SP12/South. 
 
10.4 Cluster analysis of silcrete knapping concentrations 
The analysis of concentrations on RH/SP12South indicates that silcrete 
concentrations can vary within a single site. A multi-variate analysis of 
concentrations from multiple sites is conducted here to examine the nature of 
concentrations and to assess whether intra-site variation between silcrete 
concentrations occurs on other sites. 
Eighteen (18) concentrations were completely recovered, or almost so, such that 
data on total weight is available. These concentrations also have sufficient numbers 
of artefacts for analysis of the proportions of cortical artefacts, elongate flakes, and 
plain, faceted and focal platforms (Table 156). These variables relate to the quantity 
of silcrete discarded (weight), whether it may have been in an early or later stage of 
reduction (proportions of cortical artefacts), and the nature of flaking (flake shape 
and platform variables). Cores and backed artefacts are not included here because 
these artefact types may have been selectively discarded or removed for use 
elsewhere.  
Cluster analysis was conducted in PAST software (Paleontological Statistics version 
3.07, Hammer 2015). The analysis was run using paired groupings and a rho 
similarity measure (Euclidean similarity measure was not used because proportions 
are not linear data). Correspondence analysis was considered but this utilises count 
data (Hammer 2015:91) and the numbers of artefacts differ for some variables. 
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Table 156  Concentrations and artefact variables for cluster analysis, n=18. 
# Concentration Weight % 
>30mm 
% Cortex % Elongate % Plain % Faceted % Focal 
1 Col/SA20/C/A 6962.5 8.7 10.1 11.1 45.6 10.4 15.3 
2 Col/SA20/C/B 6189.8 13.4 8.5 3.8 47.3 13.6 11.3 
3 Col/SA21/B/A 4794.8 9.1 6.9 18.4 41.7 15.7 21.3 
4 EP6+7/1B/C 1112.8 3.6 4.8 11.9 35 16.3 22.4 
5 EP6+7/2C 3556.3 8.2 6.2 11.1 43.4 6.2 21.3 
6 RH/CD05/A/B 1153.7 2.6 3.9 13.1 33.3 12.6 23.2 
7 RH/CD05/A/C 1461.9 1.7 2.7 14 29.9 10.1 17.8 
8 RH/CD05/A/D 690.7 1.3 2.7 9.9 38.5 11 24.3 
9 RH/CD07/ResB/C 1005.1 7 9.9 23.4 31.5 12.3 26.5 
10 RH/CD12/2000C/C 609.7 - 9.3 10.7 33.4 14.5 25.5 
11 RH/CD12/2002/M’X 2261.8 - 9.6 19.8 36.6 13 13.3 
12 RH/SP09/880E 1650.6 - 0.5 9.6 35.7 10 18.1 
13 RH/SP09/OA/A 1362.7 - 7.7 9.2 47.3 1.5 16.3 
14 RH/SP09/OA/B 1133.1 - 5.1 10.1 46.6 2.7 14.7 
15 RH/SP12Sth/OA/G 2993.4 3.9 2.7 17.2 34.3 9.6 25.3 
16 RH/SP12Sth/OA/H 1446.2 7.2 6.4 21.6 25.2 22.5 21.9 
17 RH/SP22/I/B 2748.3 6.1 5.1 6.6 37.8 16 22.7 
18 WGO3-2/T16 635.8 - 11.4 4.3 47.9 0.7 30.8 
The results of the cluster analysis are of interest (Figure 137). Concentrations #1, #3, 
#6, #7, #9 and #15 are very similar to each other; and #13, #14 and #5 are quite 
similar to these. Concentration #11 is a little different. These ten concentrations are 
from eight sites being Col/SA20, Col/SA21, EP6+7, RH/CD5, RH/CD7, RH/CD12, 
RH/SP9 and RH/SP12South. 
Concentrations #4, #8, #10, #12 and #17 are very similar to each other. 
Concentrations #2 and #16 are alike and a little different from the others. These 
concentrations are all from different sites being Col/SA20, EP6+7, RH/CD5, 
RH/CD12, RH/SP9, RH/SP12South and RH/SP22.  
A single concentration, #18 from site WGO3-2 differs from all others (Group C). 
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Figure 137  Cluster 
dendrogram for 18 
concentrations. 
 
Concentrations with similar characteristics occur on different sites, and some 
concentrations with different characteristics occur on the same sites. All sites in this 
analysis with multiple concentrations include a concentration which is statistically 
different from other concentration(s) – being sites Col/SA20, EP6+7, RH/CD5, 
RH/CD12, RH/SP9 and RH/SP12South. Two concentrations at Col/SA20/Area C (#1 
and #2) are located 2m apart but the concentrations fall into different groups. 
Similarly, two concentrations at RH/CD12 (#10 and #11) also fall into different 
groups. Analysis of the 18 concentrations indicates that intra-site variation between 
concentrations is common on the Cumberland Plain. 
The cluster analysis also groups artefact variables (Figure 138). Plain platforms are 
grouped with cortex, and faceted platforms are grouped with elongate flakes. These 
groupings are similar to the components of reduction identified in section 3.3.4 – 1. 
A general process of reduction during which large cortical pieces of stone were 
reduced, often by unifacial flaking, into smaller pieces, most of which lack cortex, 
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and 2. Knapping to produce flake blanks which could be made into backed artefacts, 
with preferential use of asymmetric flaking (resulting in faceted platforms) and a 
tendency to produce relatively more elongate flakes.  
 
 
Figure 138  Clustering of 
artefact variables for 18 
concentrations. 
 
A second cluster analysis was run, limited to 12 concentrations which have data for 
the proportions of artefacts more than 30mm in maximum size. The results initially 
appear quite different (Figure 139). But closer inspection indicates that the clustering 
is quite similar to the first analysis. Concentrations #1, #6, #7 and #9 still cluster 
together, and #3 and #15 are similar. Concentrations #4 and #8 still cluster 
together. However, #5 is quite different, and #2 is most different (having the 
highest proportion of artefacts more than 30mm in size). It is also notable that 
silcrete concentrations from different sites still cluster together. Thus #3 and #15 
from sites Col/SA21 and RH/SP12South cluster together. #1, #6, #7 and #9 from 
sites Col/SA20, RH/CD5 and RH/CD7 cluster together. #4 and #8 from EP6+7 and 
RH/CD7 cluster together. #16 and #17 from RH/SP12South and RH/SP22 cluster 
together. 
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Figure 139  Cluster 
dendrogram for 12 
concentrations. 
The cluster analysis also put the artefact variables into two groups (Figure 140). Focal 
platforms are grouped with elongate flakes, and faceted platforms are grouped with 
these variables. Plain platforms are grouped with weight, and cortex and artefacts 
>30mm in size are grouped with these.  
Analysis based on different combinations of artefact variables and using different 
concentrations will produce dendrograms which may appear to differ. However, the 
two cluster analyses presented here share some important similarities. Particularly, 
they group concentrations from different sites together and distinguish 
concentrations occurring on the same site, some even in immediate spatial 
proximity. They also group the ‘backed artefact production’ variables of elongate 
flakes and faceted platforms, and separate these from ‘process of reduction’ 
variables of cortex, quantity of silcrete (weight), large artefacts (>30mm in size) and 
unifacial flaking (plain platforms). 
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Figure 140  Clustering 
of artefact variables 
for 12 concentrations. 
 
10.5 Silcrete knapping concentrations with distance from silcrete quarries 
10.5.1  Introduction 
This section analyses concentrations to assess whether distance-decay trends are 
present which indicate patterns in Aboriginal people’s management of silcrete at 
the episode scale. Information on potential silcrete sources on the Cumberland 
Plain is given in section 4.3, and theory relevant to distance-decay is given in 
chapter 8.0. Analysis in chapter 8.0 identifies distance-decay trends for artefact 
variables at the site scale of analysis, so I was interested to know if concentrations 
show distance decay-trends despite the presence of intra-site variation. 
10.5.2  Location of silcrete knapping concentrations  
Most of the concentrations in this study are located within 6km of silcrete quarries. 
To assess whether this indicates a preference for intensive flaking and backed 
artefact production with close access to quarries it is necessary to take the extent of 
excavation (sampling) into account.  
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The extent of excavation at all sites initially considered for the current study is 
included in Appendix 3 Table A176. Average rates for the occurrence of concentrations 
may be calculated by dividing the total extent of excavation by the number of 
concentrations (Table 157). The available data is imprecise but indicates that 
concentrations are less frequent more than 6km from quarries (227m2 per 
concentration). There may have been a tendency to conduct intensive core flaking 
within 6km of quarries where people could access supplies of silcrete if necessary. 
 
Table 157  Distribution of silcrete concentrations with distance from known silcrete quarries. 
Variable Distance from silcrete quarries Total 
0 – 1.0km 2.0 – 3.7km 4.2 – 5.9km 6.8 – 25.1km 
Total concentrations 5 17 21 10 53 
Extent of excavation m
2
 479 2,557 2,752 2,272 8,061 
m
2
 / Concentration 96 150 131 227 152 
 
This interpretation must be regarded as tentative, because expanded area 
excavations tend to target higher density test squares, and therefore 
concentrations. On the other hand, more concentrations may have been present 
but dispersed after discard, so not identified by the criteria used in this study. 
Intensive flaking may also have been conducted more than 6km from quarries but 
may have involved less stone such that the criteria for identifying concentrations in 
this study are not met. Or concentrations in higher hilly topography located more 
than 6km from quarries may have been dispersed by geomorphic processes. 
10.5.3  Analysis of silcrete knapping concentrations with distance from quarries 
Artefact assemblages from concentrations are analysed here to assess whether 
their nature tends to vary with distance from silcrete quarries. 
It was intended to use similar distance groups to those used in the analysis of site 
samples, but as most concentrations in this study are located between 2km and 
6km from silcrete quarries using the same distance intervals would not show 
trends, even if trends are present. It is also necessary to define new ordinal groups 
for analysis of some artefact variables, because concentrations tend to have 
different distributions of artefact proportions.  
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The results of statistical tests are given on Table 158. Details of ordinal regression are 
given in Appendix 15. Statistically significant distributions are present for the weight 
of concentrations, proportions of broken artefacts, artefacts more than 30mm in 
maximum size, complete artefacts more than 30mm in maximum size and faceted 
platforms. However, considerable variation is present between concentrations. 
Table 158  Concentrations and distance from silcrete quarries – Results of statistical tests.  
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Weight of concentrations 42 .172 .031 - .239 .082 .029 - .397 .009 
% Broken artefacts  35 .261 .010 - .432 .001 .002 - .535 .001 
% Cores  34 .055 .434 .194 .156 .213 .177 .318 
% MNI Cores  20 .019 .844 - .088 .631 .512 - .209 .377 
% Backed artefacts  39 .075 .260 .236 .108 .250 .128 .438 
% Artefacts >30mm  34 .209 .031 - .320 .033 .014 - .339 .050 
% Complete artefacts >30mm  25 .362 .008 - .477 .003 .008 - .465 .019 
% Cortical artefacts  49 .044 .373 - .163 .217 .426 - .108 .461 
% Elongate flakes  19 .027 .796 - .099 .635 .873 .060 .808 
% Plain platforms  26 .113 .255 - .120 .507 .521 - .098 .635 
% Faceted platforms  28 .180 .090 - .339 .037 .119 - .294 .129 
% Focal platforms  30 x x .122 .486 .674 .165 .384 
Note to table. ‘x’ indicates distributions which fail the assumption of proportional odds for ordinal 
regression. 
 
10.5.3.1. Weight of silcrete knapping concentrations 
Total weight of concentrations may give a rough indication of the quantity of 
silcrete discarded during knapping. Total weight will not be a precise indication 
because some artefacts may have been removed or discarded beyond the mapped 
boundaries of the concentrations, and concentrations may include some unrelated 
artefacts which coincidentally occur in the same locations. Analysis of weight is 
restricted to concentrations which are completely recovered, or almost so.  
Weight of concentrations tends to decrease with increasing distance from quarries 
(Table 159, Figure 141, Figure 142). However, weights vary widely, and a concentration 
weighing 2.2kg is located 5.3km from a quarry. People may sometimes have carried 
smaller quantities of silcrete to more distant sites and/or discarded less silcrete 
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when distant from quarries. The distribution suggests that quarry distance may 
have set maximum limits on the quantity of silcrete discarded at concentrations. 
 
Table 159  Weight of concentrations and distance from silcrete quarries. 
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2.1 – 3.7km 6 5 5 16 323 3,556 1,147 
4.6 – 21.2km 7 10 4 21 166 2,262 798 
Total  13 16 13 42 166 6,963 1,315 
 
  
Figure 141  Weight of concentrations with 
distance from silcrete quarries. 
Figure 142  Weight of concentrations with 
distance from silcrete quarries (log scale). 
 
10.5.3.2. Broken artefacts 
The proportions of broken artefacts may be vulnerable to minimum mesh size used 
for sieving (Appendix 4), so the analysis here is restricted to concentrations recovered 
using 3mm or 3.5mm minimum mesh. 
The proportions of broken artefacts in concentrations tend to decrease with 
increasing distance from silcrete quarries (Table 160, Figure 143). However, there is 
considerable variation between concentrations located between c.2km and 6km 
from quarries (cf. Figure 108 for breakage in site samples). Some variation could be 
due to variation in the flaking quality of individual blocks of silcrete, skill of knappers 
(e.g. Bement 2016; Lassen and Williams 2015; Shelley 2008) and/or to localized 
artefact breakage (e.g. burning after discard, effects of modern land use). 
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Table 160  %Broken artefacts in concentrations and distance from silcrete quarries. 
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0.5 – 0.6km - 1 4 5 8,206 9,213 89.1 88.6 – 89.5 
2.1 – 3.7km 4 7 6 17 16,119 19,109 84.4 84.0 – 84.7 
4.6 – 21.2km 7 4 2 13 10,198 12,296 82.9 82.5 – 83.4 
Total  11 12 12 35 34,523 40,618 85.0 84.7 – 85.2 
 
 
Figure 143  %Broken artefacts in 
concentrations with distance from 
silcrete quarries. 
 
10.5.3.3. Artefacts more than 30mm in maximum size 
Analysis of the proportions of artefacts more than 30mm in maximum size is also 
limited to concentrations recovered using 3mm or 3.5mm mesh for sieving (Appendix 
4). Analysis of these artefacts is further limited to concentrations with sufficient 
complete artefacts for analysis of this variable (section 2.6.4). 
The proportions of artefacts more than 30mm in maximum size, and complete 
artefacts more than 30mm in maximum size, tend to decrease with increasing 
distance from silcrete quarries (Table 158, Table 161, Figure 144). People may have 
tended to flake silcrete into smaller pieces when distant from quarries, to maximise 
flake production from the available silcrete. And/or larger pieces may have been 
removed from concentrations for future use. However, considerable variation 
between concentrations is present with high and low proportions of artefacts more 
than 30mm in maximum size occurring at concentrations more than 2km from 
quarries. 
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Table 161   %Complete artefacts > 30mm in concentrations and distance from silcrete quarries. 
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2.1 – 3.7km 2 5 4 11 342 2,674 12.8 11.9 – 13.7 
4.6 – 17.4km 6 3 2 11 172 1,917 9.0 8.1 – 9.9 
Total  9 7 9 25 785 5,463 14.4  13.7 – 15.0 
 
 
Figure 144  %Complete artefacts 
>30mm in concentrations with 
distance from silcrete quarries. 
 
10.5.3.4. Faceted platforms  
The proportions of faceted platforms in concentrations tend to decrease with 
increasing distance from silcrete quarries, but this trend is weak being significant at 
the 0.05 level for only one statistical test (Table 158, Table 162, Figure 145). 
Concentrations with variously high and low proportions occur more than 2km from 
quarries, and the overall proportions of faceted platforms are only slightly different. 
Table 162 %Faceted platforms in concentrations with distance from silcrete quarries.  
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Figure 145  %Faceted platforms in 
concentrations with distance from 
known silcrete quarries. 
 
10.5.3.5. Summary of knapping concentrations and distance from quarries 
Silcrete knapping concentrations show trends for a few artefact variables with 
distance from known silcrete quarries: 
 There is a slight tendency for concentrations to be smaller (lighter) with 
increasing distance from silcrete quarries. However, the total weight of 
individual concentrations vary, and a concentration weighing 2.2kg occurs 
5.3km from the nearest known silcrete quarry; 
 The proportions of broken artefacts tend to decrease with increasing distance 
from silcrete quarries;  
 The proportions of complete silcrete artefacts more than 30mm in maximum 
size tend to decrease with increasing distance from silcrete quarries; and 
 The proportions of faceted platforms tend, very weakly, to decrease with 
increasing distance from silcrete quarries. 
However, considerable variation occurs between concentrations, regardless of the 
above distance trends 
The distance-decay trends indicate that people sometimes discarded less silcrete at 
concentrations located distant from quarries, either because less silcrete was 
carried to those locations, because people produced fewer artefacts during those 
episodes, or because people removed large pieces for future use. Similarly, 
decreasing proportions of large artefacts may have been related to people carrying 
smaller blocks of silcrete to more distant locations, increased flaking of larger pieces 
into smaller sizes to maximise flake production, and/or removal of larger pieces for 
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future use. Decreasing artefact breakage may have been related to people carrying 
silcrete of better flaking quality to more distant locations.  
Test results for concentrations with distance from quarries can be compared to the 
test results for site samples to assess whether distance-decay trends tend to be 
weaker or stronger for individual episodes compared to time-averaged site samples 
(Table 163). Concentrations and site samples show distance-decay trends for the 
proportions of broken artefacts, and the proportions of complete artefacts more 
than 30mm in maximum size, regardless of the time span or phase of artefact 
accumulation. Other trends are shown by site samples lacking Deeper IMSTC 
Sequences, but not by concentrations. 
 
Table 163  Distance from silcrete quarries, concentrations and site samples with and without 
Deeper IMSTC Sequences – Spearman’s rho.  
 
Concentrations D/IMSTC Seq. absent D/IMSTC Seq. present 
Total rho p Total rho p Total rho p 
% Broken artefacts  35 - .535 .001 16 - .695 .003 12 - .815 .001 
% MNI Cores  20 - - 12 .751 .005 12 - - 
% Backed artefacts  39 - - 12 - - 12 - - 
% Complete >30mm  25 - .465 .019 10 - .598 .068 10 - .699 .024 
% Cortical artefacts  49 - - 16 - .597 .015 12 - - 
% Elongate flakes  19 - - 11 - - 9 - - 
% Plain platforms  26 - - 12 - .637 .026 12 - - 
% Faceted platforms  28 - - 13 - - 12 - - 
% Focal platforms  30 - - 7 - - 7 - - 
Total Weight  42 - .397 .009 x x x x x x 
% Silcrete MNI x x x 16 - - 12 - - 
% Backed MNI x x x 12 - - 12 - - 
% Bipolar artefacts x x x 13 .733 .004 13 - - 
% Wide flakes x x x 12 - - 10 - - 
Notes to table. Gives probabilities for statistically significant test results. p = probability, dash ‘-‘ 
indicates distributions which are not statistically significant. ‘x’ = variables which are not relevant or 
could not be analysed by the data set. Blue shading highlights statistically significant test results for 
variables which could not be analysed for concentrations or site samples. 
There are two possible reasons why distance-decay trends are more apparent in 
time-averaged samples from sites than from individual knapping episodes:  
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 There may be considerable variation between individual knapping episodes, 
related to the size, shape and flaking qualities of individual blocks of silcrete, 
skills of individual knappers, and/or the unique weather, climate, social or 
economic conditions under which individual knapping episodes were conducted, 
and/or 
 People may have flaked individual blocks of silcrete in different ways to produce 
backed artefacts of varying length, regardless of distance from quarries. Some 
support for this explanation is given by the analysis of the lengths of backed 
artefacts with distance from quarries (Figure 123). 
10.6 Summary and discussion 
This chapter analysed high density silcrete knapping concentrations from the 
Cumberland Plain. Each concentration consists of numerous artefacts from 
intensive flaking of one or more blocks of silcrete. The concentrations are 
associated with the production of backed artefacts, with some including tools. The 
concentrations are probably single episodes of activity, with most artefacts 
probably discarded over the course of minutes to hours.  
It would be possible to conduct conjoining and analyse each concentration in detail, 
as for RH/AC2/Q40/A (section 10.3.2). Information about the quantity of the 
transported stone, perhaps the number of pieces that were transported, and 
whether the stone had been flaked or heat treated prior to import could be 
discerned. The way stone was flaked including flaking techniques, core rotation and 
number of pieces reduced as cores could be ascertained. Flakes could be analysed 
to assess their shape and platform attributes. It may be possible to determine the 
attributes of missing flakes, perhaps removed for backing, for use as other tools or 
use as future raw material supplies. Such accounts recognise that concentrations (as 
well as artefacts generally) were episodes in the life history of silcrete and entangle 
with other artefacts and other aspects of Aboriginal life (Dobres and Hoffman 1994; 
Hodder 2012; Johnson 2007; Lerner 2007; Shott 2007).  
Silcrete knapping concentrations vary in size and in artefact proportions. Some 
concentrations are alike and some differ. Cluster analysis separates concentrations 
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occurring on sites and groups concentrations from different sites together. Intra-
site variation, as on RH/SP12South (section 10.3.3), is probably common. Intra-site 
variation could relate to flexibility in Aboriginal practice (Robb and Pauketat 2013). 
Knappers may have been flexible to produce backed artefacts from blocks of silcrete 
which varied in shape, size, flaking quality and flaws (Flenniken and White 1985).  
The numbers of cores discarded at concentrations may have related to both the 
intensity of on-site reduction and degree of core nesting (Moore 2000), which may 
have resulted in fewer or larger numbers of cores, and to the removal of cores for 
use elsewhere. Comprehensive conjoining of concentrations could assess the 
movement of cores into and away from these features (Way in prep.; White 2012). 
The proportions of artefact types or other variables will depend on the details 
involved in individual episodes of procurement, reduction and removal of artefacts. 
Cultural phase may also have been a factor contributing to variation, if platform 
faceting was more frequent during the Middle Bondaian phase of the Eastern 
Regional Sequence (e.g. Baker 1992; Haglund 1989; Hiscock 1986; Kohen et al. 
1984:64). The nature of variation between concentrations could be investigated by 
conjoining and by experimental flaking combined with recording to assess how 
much the shape, size, flaking quality and flawed nature of silcrete contributed to 
variation between assemblages from intensive knapping. Such research could 
identify individual reduction sequences and perhaps lead to the identification of 
generalized reduction sequences for the Cumberland Plain. 
Silcrete knapping concentrations were here analysed with distance from silcrete 
quarries to assess whether they form distance-decay trends (section 10.5). 
Concentrations, as defined for this study, appear to be less frequent more than 6km 
from quarries. People may have tended to conduct large-scale bulk production of 
backed artefacts within 6km of quarries. Alternatively, people may have carried less 
silcrete to more distant sites and/or conducted smaller scale knapping episodes, 
such that assemblages from intensive knapping activities may not have often met 
the criteria used here to identify concentrations. It is also possible that 
concentrations in higher hilly terrain distant from quarries may have been subject 
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to more severe post-discard dispersal by geomorphic processes, such that they did 
not meet the current criteria. 
With increasing distance from silcrete quarries, concentrations show a slight 
tendency to be smaller (lighter), with fewer broken artefacts and fewer large 
artefacts. People sometimes carried and/or discarded less silcrete at concentrations 
located distant from quarries. That stone may have been of better quality, resulting 
in less artefact breakage. People may have flaked larger artefacts into smaller 
pieces and/or removed larger pieces for future use.  
Concentrations show fewer trends with increasing distance from silcrete quarries 
than site samples which accumulated only during Phase 2 (i.e. sites which lack 
Deeper IMSTC Sequences). Distance-decay trends apply more to the site scale of 
analysis than to the scale of individual flaking episodes. That is, distance-decay may 
be a time-averaged trend which appears at larger scales of analysis (cf. section 
2.4.3). 
The results of the current analysis has implications for the way open sites are 
excavated. Concentrations are likely to be varied, even within a single site. One or 
two concentrations may not provide a representative sample of artefacts from a 
site. If the aim of an excavation is to characterise the nature of artefacts in a site, 
then it is necessary to conduct multiple and/or extensive excavations, recovering 
artefacts from many diverse activities. Issues for future research are whether sites 
have greater or smaller ranges of intra-site variation and whether that results from 
different site histories.  
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11.0 Change on the Cumberland Plain 
11.1 Introduction 
This chapter compiles results from the current research to provide an update of 
archaeological information regarding the history of human occupation of the 
Cumberland Plain prior to European contact. 
11.2 Social organisation at the time of European contact 
Written observations and images of Aboriginal people following European 
occupation in 1788 have been compiled by several researchers (Attenbrow 2010a; 
Kohen 1986, 1993; Kohen and Lampert 1987; Ross 1976, 1988; Turbet 1989) and 
are not repeated here. However, the records provide only glimpses of Aboriginal life 
on the Cumberland Plain in the historic period. Several factors contributed to the 
lack of information, including an horrendous epidemic (probably smallpox) in 1789 
which killed many people (e.g. Attenbrow 2010a:21-22; Kohen 1986:73-74). 
In the Greater Sydney Region, several linguistic or tribal areas have been 
documented from ethnohistorical observations, although discussion continues as to 
how they should be named (Attenbrow 2010a; Dibden 2011; Kohen 1986; 
McDonald 2008; McDonald and Harper 2016; Powell and Hesline 2010; Ross 1976, 
1988). These areas may have included different dialects, ceremonies and possibly 
identity (Dibden 2011; McDonald 2008:18-19; Ross 1976). People on the 
Cumberland Plain spoke an inland variation of the language spoken in coastal 
Sydney (Figure 1). This language has previously been referred to as ‘Darug’ but recent 
research questions the origin of this and other names (McDonald and Harper 
2016:127; Steele 2005). Another variation of this language was spoken in the Lower 
Blue Mountains. Dharawal and Gundungurra were spoken to the south, Darginyung, 
Awaba and a Hawkesbury River–Broken Bay dialect were spoken north of Sydney 
(Attenbrow 2009, 2010:23,30-35; McDonald 2008:20-22). Research below (section 
11.3) suggests that these linguistic and/or social arrangements may have developed 
within the last few thousand years. 
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Several named groups were present on the Cumberland Plain, although knowledge 
of the groups and their naming is incomplete such that published maps differ in 
detail (Attenbrow 2010a:23; Kohen 2010; Kohen and Lampert 1987). The number of 
groups and their locations may be related to the locations of European observers 
who made records and to incomplete survival of family histories. The available 
information suggests that group territories may have been c.10km to 30km across. 
The named groups may have been clans or bands. These clans or bands may have 
formed broader social alliances, including language groups (Attenbrow 2010a:30-
35; Dibden 2011:59-61).  
11.3 Silcrete in the Greater Sydney Region 
Artefact raw material distributions may result from a combination of the natural 
distribution of raw materials in the landscape as well as the activities and cultural 
contexts of people using and discarding artefact stone. Thus, patterns of behaviour 
can increase or decrease the amount of raw material which is available in specific 
contexts (Bamforth 1986, cited by Guilfoyle 2005; McNiven 1999). Provisioning a 
site with raw material supplies is one example (e.g. Kuhn 1995; Mackay 2005; 
Nelson 1991). Open territorial practices could enable raw materials to be obtained, 
transported and exchanged/traded across wide areas. More closed territorial 
practices may limit the extent of land over which raw materials may have been 
transported and exchanged/traded (Guilfoyle 2005). Further, if closed territorial 
practices restricted available raw materials then people may have adopted lithic 
conservation measures, so that more artefacts could be produced from the 
available supply of raw materials (Hiscock 1988a, 1996; Guilfoyle 2005). The 
distribution of silcrete across the Greater Sydney Region can be interpreted from 
this perspective.  
The proportions of silcrete artefacts in assemblages with age determinations at sites 
in the Greater Sydney Region are compiled to provide a broader chronological 
context for silcrete assemblages on the Cumberland Plain. The minimum sample 
size here is 80 artefacts associated with age determinations. There are many gaps in 
the available data (Figure 146, Figure 147, Appendix 16).  
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Very little silcrete was carried into the Mangrove Creek Catchment northwards from 
the Cumberland Plain (Attenbrow 2004; McDonald 2008). This is consistent with its 
location in a different language/cultural area (Darginyung, Figure 146, Attenbrow 
2004) and its distance 35km to 50km north-east of silcrete sources on the 
Cumberland Plain. 
Silcrete artefacts are also uncommon in the Lower Blue Mountains west of the 
Nepean River (e.g. Appleton 1999; Attenbrow 2009). Quartz and IMSTC occurs 
naturally in the Blue Mountains so people may not have needed to carry large 
quantities of silcrete with them. But the marked paucity of silcrete artefacts in 
Lower Blue Mountains also suggests that people in this region had few ties to the 
Cumberland Plain. Ethnohistorical reports suggest that the lower Blue Mountains 
may have been occupied by a language group related to the Inland Sydney language 
(Attenbrow 2009), but the paucity of silcrete suggests otherwise.  
 
Figure 146  Location of sites in the Greater Sydney Region with age determinations associated with 
artefact assemblages. 
Language groups shown in capital italics (after McDonald and Harper 2016; Attenbrow 2009, 2010). 
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Silcrete appears to have been uncommon along the Hawkesbury and Nepean 
Rivers, where IMSTC and quartz also occur naturally (Corkill 1999). But only two 
Late Holocene age determinations have been obtained for assemblages with 80 or 
more artefacts. A notable number of silcrete artefacts were obtained during testing 
in the Thornton Precinct at Pitt Town near the Hawkesbury River but the sample 
associated with an OSL age determinations has fewer than 80 artefacts (AHMS 
2012). 
 
 
Figure 147  Proportions of silcrete artefacts in dated assemblages from the greater Sydney region. 
Silcrete artefacts occur in rock shelters east of the Cumberland Plain where they 
make up notable proportions of assemblages but not always dominated 
assemblages (Figure 147, Figure 89). However, in this area, few rock shelters have 
older deposits with substantial numbers of artefacts and age determinations. 
The distribution of silcrete in Eastern Sydney differs. Silcrete occurs naturally at 
Newtown (c.4km north-north east of the Tempe site on Figure 146, Corkill 1999:73) 
but the silcrete may have occurred subsurface and not been quarried. Prior to 
c.3,000–2,500 calBP silcrete artefacts are present and sometimes dominated 
assemblages in Eastern Sydney (Figure 147). People may have had regular access to 
silcrete, either because they were able to visit silcrete sources, or obtained silcrete 
via exchange with people who had regular access to silcrete sources. After c.3,000–
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2,500 calBP, low proportions of silcrete artefacts are present in dated assemblages. 
People in this region may have no longer had access to silcrete. If this reflects 
changing social arrangements then cultural differences between coastal and inland 
Sydney may have developed from c.3,000–2,500 calBP. This coincides with a shift to 
drier conditions in the Lower Blue Mountains and inland Sydney (section 4.6.3), 
although whether climate change was a factor in changing raw material 
distributions (and social arrangements) is unknown. 
11.4 Change over time on the Cumberland Plain 
The Greater Sydney Region has been occupied by people for more than 30,000 
years (Austral Archaeology 2011; JMcD CHM 2005c; Nanson et al. 1987; Stockton 
and Nanson 2004; Williams et al. 2012, 2014). Stone technology changed during this 
time and is usually referred to as the Eastern Regional Sequence (section 6.2.1). 
General phases have been identified and defined, although details of the sequence 
(raw materials and artefact types) vary between some rock shelters, and 
researchers do not agree on the naming and timing of phases (e.g. Attenbrow 2004; 
Hiscock and Attenbrow 2005a:2; Kohen 1986; McDonald 2008; Stockton and 
Holland 1974). Discussions about how change should be characterised and 
explained continue, such as the debate regarding the apparent increase and 
decrease in numbers of backed artefacts over time (White 2011 and associated 
comments in Australian Archaeology Vol. 72).  
Various lines of evidence are compiled in this research to identify three 
chronological phases on the Cumberland Plain (Table 81): Phase 1 occurred prior to 
c.7,000 calBP when IMSTC was the predominant raw material type in assemblages. 
Phase 2 occurred after c.7,000 calBP when silcrete was the predominant raw 
material type and backed artefacts were made in large numbers, Phase 2A occurred 
before c.1,500 and Phase 2B occurred after c.1,500 calBP when there was increased 
flaking of quartz and increased bipolar flaking. During Phase 2B silcrete continued to 
be predominant and backed artefacts continued to be made. The nature of time-
averaged silcrete assemblages on open sites tend to differ depending on the phases 
during which artefacts accumulated. The nature of assemblages were also affected 
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by geomorphic processes. Climate change may have differently affected the survival 
of artefacts from different phases. 
11.4.1  Phase 1: Before c.7,000 calBP 
The nature of Phase 1 occupation on the Cumberland Plain is not well understood, 
due until recently to the paucity of Phase 1 sites with large assemblages. A small 
number of artefacts from the Cranebrook Formation had been dated to the Late 
Pleistocene (Nanson et al. 1987; Stockton and Nanson 2004) although the 
authenticity of artefact identifications and/or association of artefacts with age 
determinations were doubted by some (e.g. Mulvaney and Kamminga 1999:138). A 
small number of Phase 1 artefacts were found at Regentville in 1995 (Koettig and 
Hughes 1995). Substantial Phase 1 assemblages were not discovered until 1999 at 
Rouse Hill site RH/CC2 (JMcD CHM 1999, 2005a), 2002 at site RH/SC5 (JMcD CHM 
2002b), 2002 at Parramatta (JMcD CHM 2005e) and more recently at Windsor 
(Austral Archaeology 2011) and Pitt Town (Williams et al. 2012, 2014). A method to 
identify IMSTC Phase 1 artefacts on undated open sites on the Cumberland Plain 
has now been developed (White 2017). 
Kohen (1986:319-320) argued that Phase 1 occupation (which he referred to as 
Capertian) initially focussed on the Nepean River and Blue Mountains with only 
tentative evidence for early occupation near Eastern Creek on the Cumberland 
Plain. Data compiled here from more recent archaeological excavations indicate 
that Phase 1 occupation was widespread. The apparent increase in occupation 
intensity during Phase 2 (Bondaian phase, Kohen 1986:186,321-322) may be a 
consequence of several factors, including higher artefact densities from intensive 
flaking of silcrete (especially knapping concentrations), geomorphic processes which 
favour the survival of younger occupation evidence (Hiscock 2008:230-232), limited 
opportunities to obtain age determinations for assemblages which occur in shallow 
A horizon soils, and the use of field and analytical methods which have not 
identified older artefacts where present.  
IMSTC was the preferred raw material type during Phase 1 on and near the 
Cumberland Plain (sections 6.2.2.3 and 6.5.1), and further east at Discovery Point 
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Tempe where a small assemblage associated with a hearth dates to 10,752–10,420 
calBP (Wk-16167) (JMcD CHM 2005f:32,43, 2006f:11). IMSTC was probably 
procured from the Nepean River gravels and the Rickaby’s Creek Formation, and 
may also have been available along the Hawkesbury River prior to sea level rise. 
McDonald (2008:39-40) proposed a model, as yet untested: Territories were large 
and people probably had open social networks, linked by shared Panaramitee style 
pecked engravings of circles and tracks at a few sites in sandstone country around 
the Cumberland Plain. Residential camps were probably widely spaced and located 
near substantial resources. These camps would have been occupied for only short 
periods (high residential mobility) with little logistical mobility. IMSTC was probably 
carried as large cores and tools, used to make and maintain wooden implements 
and to butcher animals. Stone was used sparingly and few artefacts were discarded 
(McDonald 2008:39-40,71,73).  
As the number of sites with substantial samples of IMSTC Phase 1 artefact 
assemblages continues to increase it may be possible to test this model in the 
future. The distribution of known sites with Phase 1 assemblages and/or with 
Deeper IMSTC Sequences already indicates that Phase 1 occupation of the 
Cumberland Plain was widespread (Figure 82). Many sites may have been occupied, 
not only those located in proximity to the Hawkesbury, Nepean and Parramatta 
Rivers. However, long-term geomorphic processes have probably affected the 
survival of Phase 1 artefacts in this region. Most sites with Deeper IMSTC Sequences 
are associated with 4th and 5th order streams and most occur at lower elevations 
(<50m AHD). This distribution probably reflects the increased chance of artefact 
survival in lower depositional landscapes (cf. Frederick 2001; Huggett 2007; Hughes 
et al. 2014) rather than a preference for camp locations associated with larger 
streams. 
The current research focussed on silcrete assemblages. Two sites in this study have 
deep roughly stratified deposits which show change over time in silcrete 
assemblages – Parramatta site RTA-G1 and Rouse Hill site RH/CC2. The silcrete 
assemblages at one or both of these sites (section 7.2) indicate that there may have 
been less core nesting (section 3.3.1, Moore 2000), fewer backed artefacts, very 
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little bipolar flaking, less intensive flaking resulting in the discard of higher 
proportions of large and cortical artefacts, and predominance of unifacial flaking 
resulting in higher proportions of broad plain platforms and wide flakes.  
However, most sites occupied during Phase 1 are not stratified; rather, Phase 1 
artefacts are usually mixed with Phase 2 artefacts so that the total sample from 
each site is an average of artefacts accumulated during both Phase 1 and Phase 2. 
On the Cumberland Plain the nature of time-averaged silcrete assemblages tends to 
differ when artefacts accumulated during both Phase 1 and Phase 2 (Deeper IMSTC 
Sequence present), compared to assemblages limited to Phase 2 (Deeper IMSTC 
Sequence absent). Assemblages accumulated during both phases show few 
distance-decay trends. During Phase 1 people may have sometimes procured 
silcrete when close to quarries, augmenting supplies of transported IMSTC. There 
may have been a tendency for people to reduce silcrete more with increasing 
distance from quarries (decreasing proportions of large artefacts, Figure 116). But 
distance from silcrete quarries may not have been a major factor influencing the 
reduction of silcrete during Phase 1. Rather, people may not have altered their 
reduction strategies with increasing distance from silcrete quarries. Of course, 
distance from IMSTC sources may have influenced the way people organised IMSTC 
flaking technology during Phase 1 but this issue could not be investigated by the 
current study due to the close association between distance from silcrete quarries 
and distance from potential IMSTC sources.  
So far there are too few known sites with substantial Phase 1 silcrete assemblages 
to understand whether or how people organised their use of silcrete during Phase 1 
in relation to different landscape settings. 
11.4.2  Phase 2:  After c.7,000 calBP 
Available age determinations and associated assemblages suggest that Phase 2 
commenced c.7,000 calBP on the Cumberland Plain and continued until European 
contact (section 6.5). Towards the end of Phase 2, after c.1,500 calBP some sites 
show changes indicating the presence of Phase 2B. Theoretically, Phase 2A would 
have preceded Phase 2B (i.e. c.7,000 calBP to c.1,500 calBP, Table 81) but  it is not 
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certain that the changes identified as Phase 2B occurred at all sites occupied during 
the last 1,500 years or so. This is an issue for future research. 
Phase 2 assemblages could potentially have been affected by increased erosion 
during the period 3,000 to 1,200 calBP. This was a drier phase and charcoal – and 
perhaps artefacts – may have been selectively removed from shale slopes and 
alluvium during this phase (section 4.5.9). If so, then surviving Phase 2 assemblages 
may not be representative of occupation during the entirety of this phase.  
Phase 2 included a reliance on silcrete, increased production of backed artefacts 
and the adoption of flaking techniques which produced some regular, long to 
elongate flakes suitable for backing.  
Silcrete was also used in Eastern Sydney for the production of backed artefacts: at 
Balmoral Beach (Attenbrow et al. 2008), Discovery Point at Tempe (JMcD CHM 
2006f) and on Kurnell Peninsula (Hughes et al. 1973). Available assemblages 
associated with age determinations suggest that the distribution and use of silcrete 
across the Greater Sydney Region changed during Phase 2, with little use of silcrete 
in Eastern Sydney after c.2,500 calBP (section 11.3 above). 
Various explanations relating to the adoption of backed artefacts have been 
proposed and reviewed (White 2011). As a group, backed artefacts were 
multifunctional tools, used in a variety of tasks, with some individual implements 
also showing multiple uses (e.g. Attenbrow et al. 2009; Fullagar et al. 2009; 
McDonald et al. 1994; Robertson 2011). They were produced in large numbers as an 
abundance strategy (Hiscock and Attenbrow 2005a), made in advance of use (cf. 
Torrence 1983). Their standardised shape would have facilitated hafting in a multi-
component implement; worn items could be replaced without having to replace the 
entire implement (e.g. Bleed 1986; Hiscock 1994). It has been argued that they 
would have been useful with the intensification of the El Niño–Southern Oscillation 
(ENSO) climate system, which brought variable and sometimes unpredictable 
wetter and drier periods of varying duration (Attenbrow et al. 2009; Hiscock 1994, 
2008; Hiscock and Attenbrow 2005a; see White 2011 for a summary). Occasional 
backed artefacts may have been made from any suitable flake, but bulk production 
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of the type occurred on knapping concentrations (chapter 10.0). The quantities of 
stone and numbers of artefacts left on concentrations are not always consistent 
with the idea that production of the type conserved stone supplies (section 
10.5.3.1, McDonald 2008:40; cf. Hiscock and Attenbrow 2005a:139-140). Production 
prior to use suggests that the type would have been useful in off-site foraging or 
hunting tasks, conducted away from residential camps, although some backed 
artefacts were probably used on residential camps as well. 
Some studies of rock shelter assemblages show that backed artefacts were most 
frequent during the Middle Bondaian phase of the Eastern Regional Sequence 
(section 6.2.1, Attenbrow 2004:72-73; McDonald 2008:39; Stockton and Holland 
1974), or the backed artefact proliferation between c.3,500 and 2,200 calBP 
(Hiscock 2002b, 2008:156-157). White (2011) suggests a stylistic explanation to 
account for the widespread adoption and apparent proliferation of the type during 
this phase. However, not all rock shelters show a proliferation of backed artefacts, 
despite long artefact sequences, such as Loggers, Uprooted Tree and White Figure 
shelters (Attenbrow 2004:291,296,297) and Ropesend Creek shelter (Rich 1993b).  
Current research did not intend to investigate specific issues relating to backed 
artefact production on the Cumberland Plain, but some observations can be made. 
Few age determinations are available but it is not certain that there was a tightly-
constrained period of proliferation in this region. The available age determinations 
indicate most backed artefacts were probably made within the last 5,000 years or 
so, with backed artefacts occurring rarely during the Early Holocene. Backed 
artefacts also occur in, or are directly associated with, features dated within the last 
1,000 years (section 6.5.4, Table 87). Elsewhere in the Greater Sydney Region, bulk 
production of backed artefacts at Discovery Point has been dated to 4,643–4,246 
calBP (Beta-222749) and 3,854–3,582 calBP (Beta-222747) corrected for the marine 
reservoir effect (JMcD CHM 2006f:104). At Balmoral Beach, silcrete backed artefacts 
were made in bulk at c.3,375–2,954 calBP (Attenbrow et al. 2008). At Mill Creek 11 
backed artefacts occurred before c.1,200 calBP (Figure 91; Koettig 1985). At Henry 
Lawson Drive rock shelter backed artefacts were relatively frequent within the last 
1,000 years (Figure 91; Hiscock 2003). In this region backed artefacts may have been 
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made in bulk any time between c.5,000 calBP and 700 calBP, and perhaps more 
recently. 
Most backed artefacts were made from silcrete, but this is a highly flawed rock 
type. The preferential use of silcrete during Phase 2 was accompanied by heat 
treatment to improve the flaking quality of the stone. It appears that silcrete used 
during Phase 1 was heat treated less often, or not at all (JMcD CHM 2005a:325-328, 
2005c). Heat treatment appears to have involved some time and effort, to collect 
fire wood, prepare and tend a hearth and attend the heat treatment pit (Moore 
2000; cf. Mercieca and Hiscock 2008). Heat treatment would have added additional 
costs to the preparation of silcrete used for the production of backed artefact and 
other implements (cf. White 2011).  
The current research asked whether the length of backed artefacts varies in relation 
to distance from quarries; this could have been expected because assemblages 
accumulated only during Phase 2 show distance-decay trends. However, backed 
artefacts vary in length (within limits) regardless of distance from quarries, so their 
length was not part of distance-decay trends. This suggests that backed artefacts of 
different lengths were sought for hafting into multi-component implements, and 
that people found ways of making backed artefacts of different lengths even though 
the organisation of silcrete technology on the Cumberland Plain during Phase 2 
resulted in distance-decay trends. 
The presence of distance-decay trends shown by sites with artefacts accumulated 
only during Phase 2 indicates a general (time-averaged) preference for a neutral 
model (embedded procurement) with some lithification of the landscape (section 
8.5).  
Silcrete assemblages accumulated during Phase 2 also show some trends relating to 
stream order (section 9.4). Lower mobility at sites associated with larger streams is 
indicated by lower proportions of silcrete MNI as a result of increased use of other 
raw material types, by marginally higher proportions of silcrete bipolar artefacts (cf. 
Hiscock 1996) and possibly by increased proportions of plain platforms. These 
trends are time-averaged and encompass any variation which may have related to 
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fluctuating climatic conditions during the Late Holocene when change in rainfall 
would have affected available water supplies (section 4.6.3). The trends suggest 
more use of raw materials other than silcrete and increased unifacial and bipolar 
flaking as expedient reduction techniques (cf. Parry and Kelly 1987). 
Silcrete assemblages accumulated during Phase 2 at sites associated with 1st and 2nd 
order streams tend to have higher proportions of silcrete MNI, backed MNI, 
elongate flakes and faceted platforms. These are variables associated with backed 
artefact production (section 3.3.4). There may have been more focus on silcrete as 
the local raw material, and technology associated with backed artefact production 
in these hilly landscapes with more ephemeral water supplies. Debitage from 
backed artefact production may have been utilised more often for other tools, with 
less emphasis on other expedient flaking activities to meet other tool needs (sensu 
Parry and Kelly 1987).  
11.4.3  Phase 2B:  After c.1,500 calBP 
Phase 2B occurred on the Cumberland Plain after c.1,500 calBP until the historic 
period (1788AD). It is marked by increased proportions of quartz artefacts in the 
upper deposit of sites (Upper Quartz Sequence) and at a few sites by higher 
proportions of bipolar artefacts in upper deposits. Only seven of the 28 sites in this 
study assessed for raw material sequences have Upper Quartz Sequences. Six of 
these sites occur on terraces or flats, suggesting a preference for valley bottom 
positions or the survival of Upper Quartz Sequences in these types of locations. 
During Phase 2B rainfall may have increased on the Cumberland Plain, 
approximating modern conditions (section 4.6.3). This could have led to increased 
vegetation cover and reduced erosion, leading to the current appearance of an 
aggrading landscape (McDonald et al. 1994). This could also have promoted the 
sequential accumulation of recent sediments and the formation of Upper Quartz 
Sequences. 
Phase 2B coincides with the Late Bondaian phase as described from rock shelter 
assemblages. The Late Bondaian is characterised by increased bipolar artefacts, 
quartz, and edge-ground artefacts and/or debitage from these implements 
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(Attenbrow 2004:73; Corkill 1999:132-134; McDonald 2008:35-41,349-350). On the 
coast, shell fish-hooks were introduced c.1,000 calBP and were in common use by 
1788AD (Attenbrow 2010b). 
Edge-ground implements, not of silcrete, probably became more frequent during 
Phase 2B (Attenbrow 2010a; JMcD CHM 2005a:462,465; McDonald 2008). These are 
multifunctional and often show hammer and anvil pitting as well as edge grinding 
and damage. Edge-ground implements could have been useful for conducting large 
numbers of wood working tasks (Hayden 1989), consistent with the emphasis on 
wooden implements and wood-chopping activities in ethno-historical records 
(Attenbrow 2010a; Brayshaw 1986; White 1999:28). Most edge ground implements 
are made from cobbles available within the Nepean River gravels (Corkill 2005), 
indicating an emphasis on local resources. 
Increased use of quartz may have been part of a broad trend across the Greater 
Sydney Region. Quartz pebbles sometimes occur naturally in Hawkesbury 
Sandstone surrounding the Cumberland Plain, as well as at various locations on the 
northern Cumberland Plain and in the south east (Figure 47). Flaking of quartz on the 
Cumberland Plain does not automatically mean that people from beyond the 
Cumberland Plain visited, nor that quartz was obtained via exchange from beyond 
the Cumberland Plain. 
Where Upper Quartz Sequences are present, sites tend to have low proportions of 
silcrete artefacts, tend to have slightly higher proportions of silcrete bipolar 
artefacts, most have low proportions of cortical artefacts and high proportions of 
cores, regardless of distance from quarries. During Phase 2B people may have 
tended to obtain silcrete from which cortex had already been extensively removed, 
they may have tended to maximise flake production by reducing any usable pieces 
as cores (increased core nesting resulting in higher proportions of cores) and by 
making increased use of bipolar flaking.  
Bipolar flaking was an expedient technology, useful for producing flakes from 
pebbles or small cores (Hiscock 1996; Mulvaney and Kamminga 1999:214-215). It 
could maximise flake production when raw material supplies were small and 
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produce flakes which were rarely wide in shape (section 3.3.3.3). People may have 
had less access to sources of larger stone during Phase 2B – either because their 
territories were more restricted in size or they no longer had the same social 
contacts with people who occupied areas with access to supplies of larger stone (cf. 
Guilfoyle 2005). The segmentation of land into clan territories/estates and smaller 
band ranges (Attenbrow 2010a:22; Kohen and Lampert 1987) may have occurred 
during this period (cf. McNiven 1999).  
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12.0 Conclusions – matters of time and the study of open sites 
12.1 Matters of time 
The current research asked whether, and if so how, time matters for artefact 
assemblages from shallow open sites? This question was addressed using the 
Cumberland Plain of western Sydney as an example. The sites had been excavated, 
and artefact assemblages recorded, during numerous consultancy projects. 
Excavation was necessary because few artefacts were exposed on the ground 
surface and surface survey could not characterise the nature of artefact 
assemblages. The results of this research are applicable to the Cumberland Plain of 
Western Sydney but also have important implications for the way open sites are 
studied elsewhere. 
In the introduction to this thesis I identified six matters of time which are important 
for the study of open artefact sites. These matters are: 
1. That change occurs in stone technology, other aspects of human life, and in the 
environment (e.g. climate change); 
2. That individual sites have their own histories of human occupation, artefact 
discard and post-discard processes which affect the nature of surviving artefacts 
and their spatial and vertical distributions (i.e. formation processes and various 
kinds of palimpsests); 
3. That artefact assemblages are time-averaged – artefacts may be of varying ages 
and variously encompass something of the spatial and temporal processes 
which make up a site’s history; 
4. Opportunities to obtain chronological information and its resolution may vary,  
5. Assemblage variation occurs, and patterns may emerge, over different spans 
(scales) of time or over one or more cultural phases; and 
6. The methods which are used to recover and analyse artefact assemblages must 
be appropriate to address matters of time. 
These matters were addressed in various sections of this thesis and are revisited 
here. Matters of time are essential components of artefact assemblages from 
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shallow open sites. Even if archaeological projects seek to address other questions 
or models, they should ask whether matters of time (including the effects of change 
over time) affect the results of their study. 
12.2 Technological change 
Change in stone technology occurred as change in practice which may have 
correlated with and/or had causal links with various aspects of economic, social, 
artistic, political or religious life as well as aspects of the environment and climate 
change (e.g. Hodder 2012; Pauketat 2001; Postill 2010; Reckwitz 2002). Change may 
occur slowly over long spans of time, or more quickly over short spans of time (e.g. 
Johnson 2004:271; Stewart 2015), depending in part on how change is depicted and 
the chronological resolution of the evidence of change (e.g. Perreault 2018). This 
can be seen in the differing resolution provided by data from rock shelters near the 
Cumberland Plain (e.g. Shaws Creek KII versus Mill Creek 11, section 6.2.2). 
In the Greater Sydney Region change occurred in raw material preferences and 
stone flaking technology (chapters 5.0, 6.0 and 11.0). Variables sensitive to these 
changes were included in the artefact recording scheme, together with variables 
related to the general process of stone reduction (chapter 3.0).  
In this study data for silcrete artefacts from all sites were pooled and analysed to 
identify two major components influencing the nature of silcrete artefacts in the 
region: 1. A general process of reduction during which large pieces of stone were 
reduced to smaller pieces, and 2. Knapping which included the production of 
backed artefacts and which tended to result in debitage with particular attributes.  
The two components of stone technology were expressed at the site scale of 
analysis; that is, different sites tend to have artefact assemblages from different 
parts of the reduction continuum and/or with differing proportions of traits relating 
to backed artefact production. This means that the components of technology are 
expressed differently in different places (sites) in the landscape. The technological 
component associated with the reduction continuum is related to distance from 
quarries. Why the component related to backed artefact production should be 
stronger on some sites but not others was not immediately obvious, but can be 
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attributed to two factors – the histories of artefact accumulation on sites and 
stream order. 
This approach to technological analysis may be useful in other regions. Future 
research may identify other time-sensitive technological variables, such as modified 
artefact types or attributes related to flaking techniques. Analysis could then assess 
whether those technological markers are expressed (e.g. occur in the same 
proportions) on all sites or whether inter-site variation is present which might signal 
different histories of artefact accumulation – as on the Cumberland Plain. 
12.3 Site histories, inter-site variation and palimpsests (formation 
processes) 
12.3.1  Open sites as spatial palimpsests 
Sites (areas of land with artefacts) are spatial palimpsests (sections 2.1, 2.2, 2.3) 
with artefacts derived from various activities having been discarded in different 
locations across large areas of land (cf. Bailey 2007). During any single visit people 
may have discarded stone artefacts during one or more activities, and sites may 
have been visited many times. Activities may have differed according to function, 
the types of tools that were made, flaking techniques which were used, the type of 
raw material which was utilised and whether stone was in early, middle or late 
stages of reduction. Such activities may have been conducted under differing 
mobility, economic, social or climate conditions. With repeated visits activities may 
sometimes have been conducted in the same locations, but probably more often in 
different locations. Over long periods of time – hundreds to thousands of years – 
artefacts may have become scattered across thousands of square metres, varying in 
nature and density (Baker 2000; Ebert 1992; Foley 1981). 
Many studies have now been conducted which distinguish artefacts from individual 
flaking and discard activities (e.g. Knell 2012; Larson and Ingbar 1992; Larson and 
Kornfeld 1997; Miller 2016; Neyland 2016; Scerri et al. 2016; Shiner 2009; Tumney 
2011; Vaquero 2011, Vaquero et al. 2012; Way 2018; White 2012). Insights into the 
way individual activities were organised (cf. Nelson 1991) have been achieved (e.g. 
the silcrete concentration at RH/AC2/Q40, section 10.3.1), and generalised 
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reduction strategies have been defined in other regions of Australia and in other 
countries (e.g. Bar-Yosef and van Peer 2009; Hiscock 1988a, 1993; Scerri et al. 
2016). Analysis elsewhere has identified technological variation between 
assemblages from different activities (e.g. Neyland 2016; Shiner 2009; Tumney 
2011; Way 2018; White 2012). Analysis of silcrete concentrations conducted for this 
study (chapter 10.0) also found that individual knapping concentrations were 
technologically varied; cluster analysis distinguished between silcrete 
concentrations within sites and grouped concentrations from different sites 
together.  
The nature of spatial palimpsests and the varied nature of silcrete concentrations 
within sites means that archaeological and geomorphological investigations on 
open sites must sample multiple locations. 
12.3.2  Open sites as modified true palimpsests 
True palimpsests are those from which older artefacts have been removed, leaving 
only the most recent artefacts on sites (Bailey 2007). On the Cumberland Plain, and 
probably in other regions, many open sites are probably modified true palimpsests. 
Artefacts probably accumulated on these sites during the most recent phase of 
occupation, or a particular phase depending on erosion and depositional processes 
or modern land use. Erosion may have removed Late Pleistocene and Early 
Holocene artefacts from many open sites (cf. Hughes et al. 2014), leaving only Late 
Holocene artefacts as the surviving evidence. 
Where open sites (or other types of sites) are modified true palimpsests the 
artefacts will not represent all phases of occupation. This could bias a regional study 
to favour the surviving palimpsests at the expense of other phases of occupation. 
On the Cumberland Plain there has been a perception that the region was occupied 
intensively only during the Late Holocene (Bondaian phase) due to the dominance 
of assemblages by silcrete artefacts, presence of numerous backed artefacts and 
paucity of stratified sites with older assemblages (e.g. Attenbrow 2010a:153–154; 
Doelman et al. 2015:497; Kohen 1986; McDonald 2008:36–39; Williams et al. 2014). 
However, such artefacts probably dominate most sites due to the removal of older 
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artefacts by erosion (White 2017) and the presence of some sites on Late Holocene 
landforms. Modified true palimpsests may also dominate the archaeology of other 
regions (cf. Hughes et al. 2014). 
12.3.3  Open sites as cumulative palimpsests 
At some open sites, activities conducted at different times overlap spatially, forming 
cumulative palimpsests (cf. Bailey 2007:204). On these sites artefacts of different 
ages may be mixed together, by the activities of people, bioturbation and/or by 
colluvial slope processes. 
In the Greater Sydney Region there was substantial change in the types of raw 
materials used for artefacts. Pre-Bondaian assemblages were dominated by IMSTC 
and Bondaian assemblages were dominated by silcrete, with increased use of 
quartz during the Late Bondaian (section 6.5). Most open sites on the Cumberland 
Plain have predominantly silcrete artefacts, but some sites have increased 
proportions of IMSTC artefacts in deeper deposits and/or increased proportions of 
quartz artefacts in upper deposits. As these vertical distributions are consistent with 
known regional change in raw materials the vertical distributions probably indicate 
artefact accumulation during different phases. These vertical distributions are 
referred to in this thesis as raw material sequences. Vertical distributions with 
increased proportions of IMSTC artefacts in deeper deposits are termed Deeper 
IMSTC Sequences, and distributions with increased proportions of quartz artefacts 
in upper deposits are termed Upper Quartz Sequences. A few sites are roughly 
stratified having younger deposits with artefacts overlying older deeper deposits 
with artefacts. However, on most of the open sites with shallow soils it could be 
expected that younger and older artefacts will have been mixed vertically, such that 
some old artefacts occur in upper deposits, and some young artefacts occur in 
deeper deposits. It is not practical to analyse upper and deeper artefacts as if they 
formed chronologically different assemblages because of mixing between the two. 
Hence, these sites are cumulative palimpsests and each site assemblage consists of 
artefacts accumulated during more than one chronological phase. 
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The use of raw material proportions with depth of deposit to identify the presence 
or absence of cumulative palimpsests has not, so far as I am aware, been conducted 
in any other study of open sites. Future studies may be able to identify and utilise 
other robust technological indicators, such as bipolar artefacts which were also 
more frequent during the Late Bondaian phase of the Eastern Regional Sequence. 
Other technological indicators may be present in other regions. 
The presence of some sites with raw material sequences, different types of 
sequences and the absence of these sequences from other sites indicate that 
different open sites on the Cumberland Plain have different histories of artefact 
accumulation (cf. Shiner 2008, 2009). The phases of artefact accumulation depend 
on when sites were occupied by people in the past and if their activities left 
artefacts on sites, whether archaeological sampling intersected with the locations of 
cumulative palimpsests (section 5.3) and whether geomorphological processes 
conserved or removed that evidence. This kind of variation in artefact accumulation 
and site histories may be present in other regions; relying on surface artefacts to 
characterise open sites may not be appropriate. 
12.3.4  Geophysical landscape processes and the accumulation of artefacts 
Many consulting projects conducted on the Cumberland Plain have included 
geomorphological studies. But there has been a tendency to assume that general 
models (e.g. of slope processes) apply to all open sites, rather than testing whether 
those models apply to specific sites. Barham (2007) reviewed then available 
geoarchaeological information for the Eastern Creek catchment on the Cumberland 
Plain and identified few specific studies which deal with the nature of sediment and 
artefact accumulation. This research has revisited these and other relevant studies, 
and conducted additional analysis in relation to geophysical factors. 
Most of the 12 sites with Deeper IMSTC Sequences are associated with larger 
streams and often below 50m AHD; that is, they tend to occur in lower parts of the 
regional landscape (section 5.4.1). Older IMSTC artefacts (and perhaps older silcrete 
artefacts) were probably eroded from the upper parts of catchments drained by 
small streams, and some older artefacts may have survived in depositional lower 
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catchments (cf. Frederick 2001; Huggett 2007; Hughes et al. 2014). Various lines of 
evidence for the effects of processes acting on shale slopes on the Cumberland 
Plain were reviewed here (section 4.5.3). Over the course of several thousand years 
an entire A horizon soil could have been removed, depending on the nature of 
rainfall, ground cover, gradient and other factors (see especially section 4.5.3.2).  
It is notable that two sites on shale slopes with Deeper IMSTC Sequences have 
unusually stony deposits (sections 5.2.7 and 5.2.13), suggesting that naturally 
occurring rocks and older stone artefacts may have survived as a lag (cf. Hughes et 
al. 2014). Other sites with Deeper IMSTC Sequences occur at the interface of a 
colluvial lower slope and alluvium (section 5.2.4), on alluvial levees (sections 4.5.5.2, 
5.2.6), alluvial terraces subject to rare high level flooding (section 5.2.2), lower 
slopes on silcrete (sections 5.2.5, 5.2.6), lower slopes on sandstone (sections 4.5.6, 
5.2.10, 5.2.11), and sand bodies (sections 4.5.8, 5.2.9). This diversity of 
geomorphological contexts indicates that the nature of artefact accumulation and 
geomorphic processes should be assessed for each site. 
Sites with Upper Quartz Sequences tend to be located on alluvial terraces or flats 
(section 5.4.2). Whether this reflects a recent preference for valley bottom locations 
or increased likelihood of survival in these types of locations is as yet unknown.  
This research also notes the possibility that artefact survival and accumulation could 
be related to climate change (section 4.6, Barham 2007; cf. Murphy 2007). Some 
climatic regimes may have encouraged the burial and survival of artefacts, while 
others may have hastened their removal by erosion. A paucity of age 
determinations on charcoal from slopes and alluvium between c.1,200 and 3,000 
calBP coincides with a likely drier climate phase; charcoal (and potentially artefacts) 
may have been removed by erosion during this period (section 4.6.3). 
12.3.5  Geophysical models of artefact burial and accumulation 
Three models for how A horizon soils may have formed are identified by this 
research – pedogenesis, colluvial geogenesis and sequential deposition. These 
models have implications for how artefacts became buried in A horizon soils.  The 
pedogenesis and geogenesis models have previously been favoured on the 
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Cumberland Plain, leading to the assumption that A horizon soils would not retain 
evidence of the phases of artefact accumulation. Importantly, these models had 
been adopted without being tested against artefact distributions.  
In a pedogenesis model (section 4.5.2.1), texture contrasts in soils (e.g. silty A 
horizon soil over a clayey B horizon) formed by natural soil processes. Charcoal and 
artefacts discarded on the ground surface would have been subject to the same 
pedogenic processes as sediments. In this model artefacts, charcoal and sediments 
of varying age will have been moved and mixed together, so their vertical position 
would be unrelated to age. Artefacts, larger pieces of charcoal and naturally 
occurring stones would have formed stone lines or zones at the base of the A 
horizon. In this model bioturbation was the primary agent of mixing and 
luminescence ‘age’ determinations would reflect the rate at which sediments were 
moved to the ground surface, and not be related to age as such (Dean-Jones and 
Mitchell 1993:43; Hughes et al. 2014; Mitchell 2010d; Schaetzl and Thompson 
2015:459; Stockmann et al. 2013).  
In a colluvial geogenesis model the A and B horizons were thought to be separate 
depositional bodies, modified by weathering and soil development (section 4.5.2.2). 
In this view, A horizon silty soils were moved down slope forming a separate layer 
over B horizon clays (Bishop et al. 1980; Chittleborough 1992; Dean-Jones and 
Mitchell 1993; Hughes et al. 2014; McKenzie et al. 2004; Paton et al. 1995). Hughes 
et al. (2014) list several implications for artefact assemblages. Notably, A horizon 
soils would only be a few thousand years old at most, and older artefacts would 
only be present if they survived as a lag on the clay after erosion and were then 
incorporated into the base of younger A horizon sediments. This process may have 
occurred at the two sites with Deeper IMSTC Sequences which are located on stony 
lower slopes. 
As with the pedogenesis model, Hughes et al. (2014) argue that artefacts and 
scattered charcoal lumps would be subject to the same geomorphic processes as 
other naturally occurring stone. Charcoal and artefacts of varying (but mostly 
young) ages would be mixed together. Luminescence age determinations would 
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indicate the rate at which sediments were mixed, not necessarily the date of 
artefact discard. 
The current research has found that most artefacts on most sites occur in the upper 
20cm of deposit; i.e. 0-10cm depth and/or 10-20cm depth. This is the case for most 
sites regardless of the total depth of deposit, geological formation or presence type 
or absence of raw material sequence (see tables in section 5.2). If artefacts were 
moved into stone zones by natural processes then those zones occurred in the 
upper parts of the deposit, and very rarely at the base of the A horizon above the 
clay. 
Sequential accumulation accounts for some geomorphic contexts which formed 
through ongoing or phased accumulation of sediments and artefacts, with oldest on 
the bottom and youngest on the top (section 4.5.2.3). In this model of stratification, 
the age of the sediments may indicate the age of the artefacts, depending on 
bioturbation or other disturbance. Sediment and artefact deposition in the Pitt 
Town Sand may have been sequential in this way (cf. Williams et al. 2012, 2014). 
Whether these or other models account for artefact distributions on open sites 
should be assessed for each individual site. 
12.3.6  Open sites with unique site histories – inter-site variation 
Sites (areas of land with artefacts) have their own histories of human occupation, 
artefact discard and post-discard processes which affect the nature of surviving 
artefacts and their spatial and vertical distributions (cf. Shiner 2008, 2009). A site 
history may include details of individual activities, cultural phase of occupation and 
geomorphic processes acting on sites, deposits and artefacts. 
Sites may be uniquely located relative to geomorphic processes and to resources 
such as water or food supplies, or quarries. Sites may also permit differing access to 
social groups or alliances in a wider social context.  
When describing regional change there has been a tendency to seek the same 
sequences of change (raw materials, technology) at multiple sites, some of which 
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may be differently located in their local and regional setting (section 6.2.1, cf. 
Hiscock and Attenbrow 2005a:1-11). However, inter-site variation should be 
expected because sites may be uniquely located in their geophysical and social 
landscapes. Some changes may occur at the pan-continental scale (e.g. the adoption 
of backed artefact technology, others at regional scales (e.g. change in raw material 
preferences in the Greater Sydney Region), and others at local scales (e.g. differing 
distance from quarries, land use change in the Upper Mangrove Creek Catchment). 
Change which occurs at different spatial scales – and potentially over different 
spans of time – intersect at a site with its own particular histories of artefact 
accumulation and geophysical processes (cf. Marston et al. 2005:425).  
On the Cumberland Plain such factors affect the degree of change over time, e.g. in 
the proportions of plain platforms at sites RH/CC2 and RTA-G1. At RH/CC2 there is 
negligible change in the proportions of plain platforms between the upper and 
deeper silcrete assemblages. But the upper assemblage from RTA-G1 has a lower 
proportion of plain platforms than the deeper assemblage. The proportion in the 
upper assemblage is consistent with this site’s increased distance from a quarry 
(section 8.4.8). Such variation between sites should be expected. 
12.4 Time-averaging 
Time-averaging recognises that artefacts which occur on a site may have been 
discarded at different times under different conditions, and may not have been part 
of solutions to the same problems encountered by people living at different times 
(Allen and Holdaway 2009; Lyman 2003; Stern 1994, 2008). That is, variation may be 
present between artefacts from individual activity areas which make up a site 
sample, but that variation is obscured when the sample is considered as a single 
assemblage rather than its constituent parts (Bailey 2007; Shiner 2009).  
An example of this effect was found here for the frequency of cortical artefacts in 
test pit samples from an open site (section 2.4.3). Variation between the 
proportions of cortical silcrete artefacts in each dispersed test pit could be related 
in part to random chance and to the extent of cortex on silcrete which was flaked 
during different activities conducted across the site. The intra-site variation is 
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averaged by calculating an overall proportion of cortical artefacts in the test pit 
sample. This overall ‘time-averaged’ proportion for one site can be compared to the 
overall proportions for other sites to assess whether patterns or trends emerge at 
the inter-site scale of analysis. 
Time-averaging over a longer time span can be seen on Parramatta site RTA-G1. The 
deeper silcrete assemblage has a higher proportion of 6.9% cortical artefacts and 
the upper assemblage has a lower proportion of 4.3% cortical artefacts (Table 96), 
and a combined site sample of 5.4% cortical artefacts. The proportion of cortical 
artefacts in the upper assemblage is consistent with the site’s distance from the 
nearest quarry (17.4km), but the proportion for the overall averaged sample is 
relatively high for this distance (Table 139). The time-averaged site sample is 
sufficient to disrupt the distance-decay trend. 
Time-averaging may be thought of as an extension of the statistical model which 
deals with random variation (section 2.6.2.1, Figure 9). In small samples the 
proportion of an artefact type can vary widely, if artefacts of a particular type are 
encountered at random during an excavation. As the sample size increases, the 
variation in a proportion due to random chance decreases, leading to an overall 
proportion of an artefact type in an assemblage (Figure 7). Time-averaging has the 
same effect – it finds an overall proportion for an assemblage which emerges from 
intra-site variation. I contend that time-averaging can be advantageous for analysis, 
because it allows patterns to emerge over different temporal and spatial scales, and 
flags site samples which differ from such patterns. 
12.5 Obtaining chronological information and dating open sites 
There are differing opinions as to how chronologies for open sites can be developed 
(chapter 6.0). There is a view that occupation of open sites can be dated from 
cultural features such as hearths (e.g. Holdaway et al. 2005b; Hughes et al. 2014) 
but such features do not provide age determinations for artefacts which are not in 
direct association with them. Scattered charcoal in contact with, or at the same 
level as, artefacts has been dated by a few projects, and OSL dating (optically 
stimulated luminescence), is being increasingly used on the Cumberland Plain and 
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elsewhere (e.g. Ward et al. 2006). These chronological methods variously assume 
that charcoal, sediments and artefacts are the same age, but this depends on how 
the sediments were deposited and whether they have been subject to the same 
post-depositional movement (e.g. by bioturbation, sections 4.5.2, 12.3.5). Future 
projects should seek to demonstrate – rather than assume – that age 
determinations indicate the age of artefacts on each site. 
As sites have different histories of human occupation and artefact accumulation, 
and this affects the nature of assemblages, it would be useful to obtain 
chronological information for artefact assemblages where possible. Several 
methods could be adopted to improve chronologies (section 6.4.5). Considering the 
nature of sediment accumulation (single unit versus sequential deposition) and 
whether artefacts, charcoal and sediments have the same vertical distributions will 
be useful. The vertical distributions of artefacts could be analysed to assess whether 
all artefacts show the same distributions or whether variation relating to time or 
bioturbation is present (e.g. vertical distributions of raw material types, size sorting 
with depth). Conjoining may assess the spread of vertical displacement. Absolute 
dating methods (OSL and C14) may indicate the age of sequentially deposited 
artefacts. C14 dating could aim to clarify the total time span of accumulation (c.f. the 
age of encasing sediments, Stern 1994, 2008).  
Some artefact assemblages from open sites will not be dateable using these 
methods. The development of relative dating methods should still be pursued. In 
this study a regional pattern relating to the vertical distribution of raw material 
proportions on open sites was identified, consistent with known regional change in 
raw material preferences (chapter 5.0, sections 6.5). This provides a very rough time 
frame for artefact accumulation on some, otherwise undated, sites. A method to 
distinguish between Pre-Bondaian and Bondaian IMSTC assemblages using 
technological attributes has also been developed for the Cumberland Plain (White 
2017). Future research may be able to develop other relative dating schemes for 
this and other regions. 
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12.6 The time spans of archaeological patterns 
The idea that different human practices or processes operate over different spans 
of time has been discussed previously (e.g. Bailey 2007:210-214; Fletcher 1992; 
Gosden and Kirsanow 2006; Malinsky-Buller et al. 2011; McGlade and van der 
Leeuw 1997; Stern 2015:233-234; Wandsnider 2008). In Australia analysis has been 
conducted at the small scale of individual activities (e.g. Neyland 2016; Stern et al. 
2013; Tumney 2011; White 2012) and at broader inter-site scales (e.g. Barry 2005; 
Barton 2003, 2008; Byrne 1980; Hiscock 1988a; McNiven 1993; Veth 1993). But few 
Australian studies have identified and interpreted patterns shown by artefacts 
which have accumulated over different spans of time (Allen and Holdaway 2009).  
The current research has identified types of assemblages and/or assemblage 
patterns which occur over varying spans of time on the Cumberland Plain. These 
are: 
1. The short time-span of individual flaking and discard activities which probably 
took place over minutes to hours. Analysis of silcrete knapping concentrations 
indicate intra-site variation between individual activities (chapter 10.0). 
Concentrations show few trends with increasing distance from quarries, except 
for weight, broken artefacts and complete artefacts more than 30mm in size, all 
tending to decrease with increasing distance from quarries (Table 158). Within 
these trends considerable variation between concentrations is present. Studies 
elsewhere have also identified variation at this scale of analysis (e.g. Neyland 
2016; Stern et al. 2013; Tumney 2011; Vaquero et al. 2012; White 2012).  
2. At some sites on the Cumberland Plain, silcrete artefacts discarded during Phase 
2 probably accumulated over centuries to several millennia. Geomorphic 
processes and histories of human occupation at these sites are such that the 
sites do not retain evidence of substantial change over time (i.e. Deeper IMSTC 
and Upper Quartz Sequences are absent). These sites tend to show time-
averaged trends relating to distance from silcrete quarries (section 8.4) and 
some trends relating to stream order (section 9.4.2). These trends are more 
apparent in time-averaged samples from sites than from individual knapping 
concentrations. Trends in relation to distance from quarries and landscape 
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resources have been identified by other studies (e.g. Barry 2005; Barton 2003, 
2008; Byrne 1980; Hiscock 1988a; JMcD CHM 2006a; Kohen 1986; McNiven 
1993; Thorley 1998, 2001; Veth 1993; White and McDonald 2010), but those 
studies have not constrained the time span of artefact accumulation in relation 
to those trends. 
3. At some sites on the Cumberland Plain, silcrete artefacts accumulated during 
two or more phases, such that time-averaged assemblages encompass cultural 
changes. Change over time tends to disrupt the time-averaged trends shown by 
sites which accumulated only during Phase 2. 
At a few sites on the Cumberland Plain, silcrete artefacts accumulated during 
the last c.1,500 years as well as during preceding millennia (i.e. Upper Quartz 
Sequences are present). Time-averaged assemblages at these sites have lower 
proportions of silcrete MNI, higher proportions of MNI cores, higher proportions 
of bipolar artefacts and lower proportions of cortex regardless of distance from 
quarries (section 8.5.2.2). 
At some sites on the Cumberland Plain, silcrete artefacts accumulated over very 
long time spans of many millennia, largely during the Holocene but some 
artefacts probably date to the Late Pleistocene (i.e. Deeper IMSTC Sequences 
are present). The time-averaged assemblages at these sites also form few 
distance-decay trends; the only trends being for the proportions of broken 
artefacts and complete artefacts more than 30mm in size. Most artefact 
variables do not show distance-decay trends when assemblages accumulated 
over long spans of time encompassing cultural change. 
4. At a broader spatial scale, and over the time span of many millennia, change in 
the use and distribution of silcrete occurred across the Greater Sydney Region 
(section 11.3). This change was probably underpinned by changing inter-
regional social arrangements which influenced the way silcrete and other raw 
materials were procured, dispersed and discarded across the greater region. 
Different human practices and processes occurring over different spans of time and 
over different spatial scales are inherent within open artefact sites on the 
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Cumberland Plain. Such information is probably also embodied within the 
archaeology of other regions. There has been an entrenched view that shallow open 
sites on the Cumberland Plain cannot address matters of time. But such information 
may be accessed by embracing the palimpsest nature of open sites, by integrating 
the results of geomorphic study into the design of excavations, by recovering large 
artefact samples from multiple spatial units and by understanding how human 
practices and processes operating at different spatial and temporal scales combine 
to result in time-averaged artefact assemblages. The time span, and effects of 
change over time, demonstrably influence the nature of time-averaged artefact 
assemblages from shallow open sites. Such matters of time cannot be ignored, even 
if sites have shallow deposits and lack chronologically meaningful stratigraphy. 
12.7 Methods to study open sites and address matters of time 
This research has demonstrated that matters of time strongly influence the nature 
of assemblages on the Cumberland Plain. Methods to investigate open sites must 
be designed to take matters of time into account. 
It should be possible to improve our knowledge about the nature and limits of the 
palimpsests making up each site (Bailey 2007:209), to obtain improved site histories 
and to clarify the phases and time spans of artefact accumulations. Methods for 
investigating open sites on the Cumberland Plain and elsewhere should include:  
1. Excavation of multiple areas to sample spatial palimpsests, to sample spatially 
discrete cumulative palimpsests, and to investigate assemblages from different 
geomorphic contexts if present. Future studies need to consider how extensive 
excavations should be, and how many spatial samples are necessary, to 
encapsulate the likely range of variation on individual open sites.  
2. Geomorphological Investigations should be conducted early in projects, and 
together geomorphological and archaeological studies should seek to: 
i. identify landforms of different ages on which artefacts from different 
cultural phases or over different spans of time may have accumulated, 
ii. understand the nature of sediment and artefact accumulations, and whether 
naturally occurring sediments and artefacts have been subject to the same 
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geomorphic processes. Models of sediment and artefact accumulation 
should be tested for each site, not assumed. 
3. Excavations should be conducted in spits (controlled vertical units) and 
stratigraphic units if present to:  
i. assess whether artefacts have been subject to vertical displacement such as 
size sorting with depth, 
ii. assess whether deposits retain any evidence of change over time. Artefact 
raw material types are used in the current research but future studies may 
be able to identify other robust temporal markers relating to flaking 
technology (e.g. bipolar artefacts, faceted platforms), 
iii. assist in understanding whether artefacts have been subject to the same 
geomorphic processes as sediments and charcoal (point 2.ii. above). 
4. Seek age determinations for particular artefacts and the time spans of artefact 
accumulation including:  
i. age determinations for hearths which may indicate the age of artefacts in 
direct association, 
ii. maximum and/or minimum ages for landforms on which artefacts occur, e.g. 
charcoal in alluvium below A horizons, as at RH/SP12South (section 4.5.5.3), 
iii. OSL age determinations on sediments, provided that the effects of 
bioturbation are taken into account and artefacts are chronologically 
associated with the sediments, and 
iv. radiocarbon determinations on scattered charcoal which may indicate the 
likely time span of charcoal and perhaps artefact and sediment 
accumulation. 
5. Investigate long-term processes affecting the erosion and accumulation of A 
horizon soils, even if artefacts are not present. The time span of sediment and 
artefact accumulations could affect models of artefact distribution proposed by 
Baker (2000) and White and McDonald (2010). Very low artefact densities on 
ridges and upper slopes could be related to ongoing soil erosion and artefact 
removal from elevated landscapes; higher artefact densities and evidence of 
increased activity on lower slopes and in association with large streams could be 
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related in part to longer time spans of artefact accumulation in lower 
landscapes. 
6. Artefact conjoining has considerable potential to provide localised information 
on post-discard artefact displacement (section 4.5.3.5, e.g. Richardson 1996; 
White 2012). At the ridge top and upper slope site of EC3, conjoin sets indicate 
that artefacts were widely dispersed since manufacture. On the gentle lower 
slope site of EP6+7/1B some artefacts are clustered while others are dispersed, 
suggesting that they were probably discarded at different times and acted upon 
by different post-discard processes. At site EL/3D conjoining confirms vertical 
displacement of artefacts into older and younger sediments (section 6.4.4). 
7. Large numbers of artefacts to achieve reliable sample sizes must be recovered 
from various geomorphic contexts and analysed. On the Cumberland Plain 
excavations should continue to seek to recover several thousand artefacts at 
least. The sample size requirements may differ if intra-site variation is being 
investigated. Sample size requirements may also differ for other regions, 
depending on artefact breakage, raw material frequencies and the regional 
range of variation. Large sample sizes enable different assemblage attributes to 
be analysed, and enable attributes to be analysed in relation to spatial variation, 
and vertical contexts.  
8. Inter-site comparisons or regional studies which make use of data recorded by 
multiple analysts must consider the issue of variation between analysts in the 
identification and recording of variables (Gnaden and Holdaway 2000; Mackay 
2006; Witter 1990:270). Future research should identify the range of variation 
between recorders for different variables and assess how much recorder 
variation is acceptable. Variation between analysts goes beyond that of 
terminology (e.g. different identifications of rock types) and classification (e.g. 
core of flake body versus retouched flake) but also relate to the 
(mis)identification of technical features of artefacts, breakage, and identification 
of cortex. 
9. As each site may have its own unique history of occupation, artefact 
accumulation and post-discard processes, regional models (e.g. distance from 
quarries, stream order or other resources models) cannot be tested by 
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investigating only one site. It should not be assumed that one site (or one 
activity area within a site) would be representative of the range of variation 
which might be present within any particular type of landscape setting. Multiple 
sites located within any one type of landscape should be excavated and 
analysed. 
Adopting such methods should enable improved site histories to be prepared and 
enable improved archaeological assessment of sites in their regional context. 
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Appendix 1  Open sites and artefact recording 
 
Table A164  Open sites referred to in this study and artefact recording. 
Site 
Recorded by 
Beth White 
Reference 
AAS6+6W Yes AMC 2014 
ADI/47+48 Yes JMcD CHM 2003a 
ADI/CP1, ADI/CP4 Yes GML+JMcD CHM 2013b, in prep. 
ADI/CP3 Re-recorded  GML+JMcD CHM 2013b, in prep. 
ADI/DN1+2 Yes GML+JMcD CHM 2013c 
ADI/EP1 Yes JMcD CHM 2006b 
ADI/FF22 Yes JMcD CHM 2007b 
ADI/WP1, ADI/WP2, ADI/WP3, ADI/WP4, 
ADI/WP5, ADI/WP6 
Yes 
JMcD CHM 2009b; GML+JMcD 
CHM 2012b, 2014a, 2014b 
Aus1 Yes JMcD CHM 2004b 
Aus4 Yes JMcD CHM 2005d 
Bun2 Yes JMcD CHM 2011 
Bun6 Yes AMC 2013 
Caddies Ck Levee no McDonald and Rich 1993a 
Col/SA20, Col/SA21, Col/SA22, Col/SA23Test, 
Col/SA24, Col/SA25, Col/SA26 
Yes JMcD CHM 2006a 
CRA2, CRA3-6 Yes JMcD CHM 2009b 
CRA-WCk Yes GML+JMcD CHM 2012c 
Cranebrook Formation no 
Nanson et al. 1987; Stockton and 
Nanson 2004 
EC3/1+2 Yes JMcD CHM 2006c 
EH1, EH2 Yes JMcD CHM 2010b 
EL/1+2+5+6, EL/3+4+C, EL/7+8+9, EL/10+11, 
EL/12 
Yes GML Heritage 2012, 2016 
EP6+7/1+2 Yes JMcD CHM 2008b 
Horsley Drive site 2 no Haglund and Rawson 2007 
95-100 George St, Parramatta no Austral Archaeology 2007 
140 Macquarie St, Parramatta no Stenning 2011 
MenParkWest Yes JMcD CHM 2009c 
Oakdale Yes GML Heritage 2013a, 2015 
OWR7 no McDonald 1993b 
Penrith Lakes site 9 no Comber 2010b 
PH2+3 Yes JMcD CHM 2004d 
Pitt Town site 12 no Williams et al. 2012, 2014 
PK/CD1 Parklea no Balme et al. 1999; Rich 1993a 
PK/CD4+6 no Balme et al. 1999 
Pmta/CG3 Yes JMcD CHM 2006e 
Pmta/CP Yes Haglund 2008 
Pmta/RTA-G1 Yes JMcD CHM 2003b, 2005c 
Pmta/SmithSt Yes JMcD CHM 2004c 
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Site 
Recorded by 
Beth White 
Reference 
Power Street Bridge no McDonald 1993a 
Quakers Hill no Smith 1986 
RH/AC2 Yes Garling 2000 
RH/AlexAve Yes GML+JMcD CHM 2012a 
RH/CC2 Yes JMcD CHM 1999, 2005a 
RH/CD7 Testing 1993 no McDonald and Rich 1993a 
RH/CD5+10, RH/CD7 Yes JMcD CHM 2007a 
RH/CD12 Yes JMcD CHM 2002a, 2005a 
RH/KV1 Yes JMcD CHM 2005a 
RH/KVSTC1 Yes GML+JMcD CHM 2013a 
RH/OC1 Yes JMcD CHM 2005a 
RH/OWR2 Yes JMcD CHM 2005b 
RH/SC4 no Haglund 1993 
RH/SC5 Yes JMcD CHM 2002b 
RH/SCT1 Yes JMcD CHM 2005a 
RH/SP7 Yes JMcD CHM 2006d 
RH/SP9 Yes JMcD CHM 1999, 2005a 
RH/SP12Nth, RH/SP12Sth, RH/SP13C, 
RH/SP13G, RH/SP20, RH/SP21+21A, RH/SP22 
Yes JMcD CHM 2005b 
RH/SP13H Yes JMcD CHM 2008a 
RH/SP13J Yes JMcD CHM 2004a 
RH/SP13K Yes JMcD CHM 2008a 
RS1, Regentville no Koettig and Hughes 1995 
SF/PAD5 Yes JMcD CHM 2010a 
WGO3-2 Yes JMcD CHM 1998 
WH3 Yes Rich and McDonald 1995 
Windsor Museum no Austral Archaeology 2011 
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Appendix 2  Analysis of raw materials and artefact attributes 
On the Cumberland Plain the proportions of artefact types and other artefact variables tend 
to vary with different raw material types. This is demonstrated by the following analyses.  
The proportions of broken artefacts are highest amongst quartz artefacts and lowest 
amongst IMSTC artefacts (Table A165). The proportions of cores are similar amongst silcrete, 
IMSTC and quartz artefacts (Table A166). The proportions of backed artefacts are similar 
amongst silcrete and IMSTC artefacts but less frequent amongst quartz artefacts (Table 
A167). Bipolar artefacts are more frequent amongst quartz artefacts than all other raw 
material types (Table A168). Quartz artefacts more than 30mm in size are uncommon, while 
large artefacts are relatively more frequent amongst diverse other raw material types (Table 
A169). The proportions of cortical artefacts are least frequent amongst silcrete artefacts and 
more frequent amongst IMSTC, quartz and other raw material types (Table A170). The 
proportions of wide flakes vary, being most frequent amongst IMSTC flakes and least 
frequent amongst quartz flakes (Table A171). Elongate flakes are proportionately less 
frequent amongst IMSTC flakes and flakes of other diverse raw material types (Table A172). 
Plain platforms are proportionately most frequent on IMSTC flakes and proximal broken 
flakes, and least frequent on quartz flakes and proximal broken flakes (Table A173). Faceted 
platforms are most frequent on silcrete flakes and proximal broken flakes while none are 
recorded on quartz flakes and proximal broken flakes (Table A174). Focal platforms are also 
most frequent on silcrete flakes and proximal broken flakes with few recorded on quartz 
flakes and proximal broken flakes (Table A175). 
There are potentially several reasons for the differences in proportions between raw 
material types. These could include technical aspects of flaking relative to the size, shape 
and flaking qualities of raw materials (Flenniken and White 1985). Thus, small quartz 
pebbles have more surface cortex per volume of stone so result in higher proportions of 
cortical artefacts. Bipolar flaking is also a suitable technique for flaking small pebbles. 
IMSTC may tend to have higher proportions of wide flakes and plain platforms because the 
sample includes Pre-Bondaian artefacts which tend to have these attributes (section 7.2; 
JMcD CHM 2005a; White 2017). Regardless of the reasons for variation, including artefacts 
of different raw material types in the current research could have added an additional level 
of complexity to the data. 
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Table A165  Raw materials and broken artefacts. 
Raw material type Broken artefacts Total artefacts % Broken artefacts 84% confidence intervals  
Silcrete 121,684 143,640 84.7 84.6 – 84.8 
IMSTC 15,100 20,740 72.8 72.4 – 73.2 
Quartz 9,268 9,977 92.9 92.5 – 93.3 
Others 1,560 2,035 76.7 75.3 – 78.0 
 
Table A166  Raw materials and cores. 
Raw material type Cores Total artefacts % Cores 84% confidence intervals  
Silcrete 1,963 143,640 1.4 1.3 – 1.4 
IMSTC 266 20,740 1.3 1.2 – 1.4 
Quartz 124 9,977 1.2 1.1 – 1.4 
Others 52 2,035 2.6 2.1 – 3.1 
 
Table A167  Raw materials and backed artefacts. 
Raw material type Backed artefacts Total artefacts % Backed artefacts 84% confidence intervals  
Silcrete 3,055 143,640 2.1 2.1 – 2.2 
IMSTC 417 20,740 2.0 1.9 – 2.1 
Quartz 5 9,977 0.1 0 – 0.1 
Others 23 2,035 1.1 0.8 – 1.5 
 
Table A168  Raw materials and bipolar artefacts. 
Raw material type Bipolar artefacts Total artefacts % Bipolar artefacts 84% confidence intervals  
Silcrete 363 143,640 0.3 0.2 – 0.3 
IMSTC 25 20,740 0.1 0.1 – 0.2 
Quartz 817 9,977 8.2 7.8 – 8.6 
Others 14 2,035 0.7 0.4 – 1.0 
 
Table A169  Raw materials and artefacts >30mm in size. 
Raw material type Artefacts 
>30mm 
Total artefacts % Artefacts >30mm 84% confidence intervals  
Silcrete 8,474 140,715* 6.0 5.9 – 6.1 
IMSTC 1,590 20,740 7.7 7.4 – 7.9 
Quartz 100 9,977 1.0 0.9 – 1.1 
Others 485 2,019 24.0 22.7 – 25.4 
* Data not available for 2,925 silcrete artefacts nor 16 artefacts of other raw material types. 
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Table A170  Raw materials and cortical artefacts. 
Raw material type Cortical artefacts Total artefacts % Cortical artefacts 84% confidence intervals  
Silcrete 8,442 143,640 5.9 5.8 – 6.0 
IMSTC 3,359 20,740 16.2 15.8 – 16.6 
Quartz 2,385 9,977 23.9 23.3 – 24.5 
Others 569 2,035 28.0 26.6 – 29.4 
 
Table A171  Raw materials and wide flakes >1cm in size. 
Raw material type Wide flakes Total flakes % Wide flakes 84% confidence intervals  
Silcrete 5,025 12,317 40.8 40.2 – 41.4 
IMSTC 1,984 3,695 53.7 52.5 – 54.8 
Quartz 79 346 22.8 19.7 – 26.0 
Others 183 329 55.6 51.8 – 59.5 
 
Table A172  Raw materials and elongate flakes >1cm in size. 
Raw material type Elongate flakes Total flakes % Elongate flakes 84% confidence intervals  
Silcrete 1,409 12,317 11.4 11.0 – 11.8 
IMSTC 301 3,695 8.1 7.5 – 8.8 
Quartz 47 346 13.6 11.0 – 16.2 
Others 17 329 5.2 3.4 – 7.0 
 
Table A173  Raw materials and plain platforms.  
Raw material type Plain platforms Total platforms % Plain platforms 84% confidence intervals  
Silcrete 9,316 22,570 41.3 40.8 – 41.7 
IMSTC 2,445 5,085 48.1 47.1 – 49.1 
Quartz 63 773 8.2 6.8 – 9.5 
Others 217 472 46.0 42.8 – 49.2 
Flakes and proximal broken flakes >1cm in size. 
 
Table A174  Raw materials and faceted platforms. 
Raw material type Faceted 
platforms 
Total platforms % Faceted 
platforms 
84% confidence intervals  
Silcrete 1,917 22,570 8.5 8.2 – 8.8 
IMSTC 271 5,085 5.3 4.9 – 5.8 
Quartz 0 773 0 0 – 0.3 
Others 22 472 4.7 3.2 – 6.1 
Flakes and proximal broken flakes >1cm in size. 
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Table A175  Raw materials and focal platforms. 
Raw material type Focal platforms Total platforms % Focal platforms 84% confidence intervals  
Silcrete 4,349 22,570 19.3 18.9 – 19.6 
IMSTC 754 5,085 14.8 14.1 – 15.5 
Quartz 34 773 4.4 3.3 – 5.5 
Others 51 472 10.8 8.8 – 12.8 
Flakes and proximal broken flakes >1cm in size. 
 
References 
Flenniken, J.J. and White, J.P. 1985 Australian Flaked Stone Tools: A Technological 
Perspective. Records of the Australian Museum 36:131-151. 
JMcD CHM 2005a Salvage excavation of six sites along Caddies, Second Ponds, Smalls and 
Cattai Creeks in the Rouse Hill Development Area NSW. AACAI Monograph. 
Published report to the Rouse Hill Infrastructure Consortium. 
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Artefact Assemblages from the Cumberland Plain of Western Sydney, New South 
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Appendix 3  Summary excavation data for open sites 
This appendix lists the sites initially considered for inclusion in the current study.  
Notes: * Test squares 50x50cm only. Extent of spit excavations at ADI/CP3 and ADI/CP4 refer to 
squares excavated to deeper levels only; at ADI/CP1 spit excavations refer to OA2 as OA1 was 
disturbed by modern land use. Spit excavations at ADI/WP2 were related to modern land 
disturbance. Some spit excavations were conducted at WGO3-2 but only samples of the deposit 
were sieved. Some spit excavations and grader scrapes at different depths were conducted at WH3. 
n/a – Knapping concentrations are not defined for 4 quarries. 
 
Table A176  Excavated open sites initially considered for inclusion in the current study.  
Site 
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AAS6+6W 340 x 90 1,854 73 51 8 109 50.4 (n=2) 
ADI/47+48 280 x 20 3,093 6 42 2 190 - 
ADI/CP1 80 x 20 1,496 42 15* 3 92.5 - 
ADI/CP3 180 x 100 3,505 59 46* 4 178.8 41.0 (n=2) 
ADI/CP4 140 x 20-100 1,234 34 34* 8 190.3 - 
ADI/DN1+2 160 x 20-60 120 10.5 42* 0 10.5 - 
ADI/EP1 135 x 10-60 6,139 9 30 4 85 n/a 
ADI/FF22 240 x 1 2,809 0 15 0 15 n/a 
ADI/WP1 150 x 100 266 56 46 6 142.5 - 
ADI/WP2 200 x 20-160 556 n/a 48 9 107 - 
ADI/WP3 120 x 20-100 799 3 40 2 115 80.6 (n=1) 
ADI/WP4 140 x 80-100 146 2 41 5 117  
ADI/WP5 240 x 40-60 1,399 23 42 3 101 78.1 (n=1) 
ADI/WP6.1 80 x 60-80 1,755 8 22 3 160 - 
ADI/WP6.2 120 x 60 72 3 22 3 28 - 
Aus1 150 x 20-90 1,243 59 37 5 121 - 
Aus4 140 x 80-140 90 3 55 7 125 - 
Bun2 160 x 40-100 4,390 8 41 6 123 21.6 (n=1) 
Bun6 160 x 105-130 292 54 54 0 54 - 
Col/SA20 160 x 40 8,652 11 28 4 147 62.6 (n=2) 
Col/SA21 125 x 45 6,158 15 30 3 112 51.7 (n=2) 
Col/SA22 250 x 30 2,813 7 35 2 106 21.8 (n=1) 
Col/SA24 240 x 40-80 1,485 74 38 3 114 - 
Col/SA25 120 x 30-60 9,449 2 42 3 68 n/a 
Col/SA26 150 x 1-40 1,800 2 23 3 52 n/a 
CRA2 120 x 40-60 513 3 23 3 63 - 
CRA3-6 260 x 20-100 942 14 45 7 91 83.4 (n=1) 
CRA-WCk 200 x 10 67 11 10 2 20 - 
EC3/1+2 330 x 20-160 1,276 6 102 6 395 - 
EH1 280 x 80-160 1,473 0 44 4 165 - 
EH2 180 x 180 1,004 7 41 3 132 - 
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EL/1+2+5+6 300 x 20-140 1,713 134 48 4 134 - 
EL/3+4+C 340 x 50-170 731 102.5 53 7 102.5 - 
EL/7+8+9 260 x 20-180 1,311 163.5 40 9 163.5 33.7 (n=1) 
EL/10+11 200 x 60 461 66.8 36 4 66.8 - 
EL/12 220 x 20-100 349 67 29 4 67 - 
EP6+7/1+2 300 x 40-200 7,464 3 73 4 288 63.8 (n=3) 
MenParkW. 800 x 800 98 27 27 0 27 - 
Oakdale 340 x 60 392 66.5 73 3 66.5 - 
PH2+3 210 x 210 4,202 8 58 2 193 45.8 (n=2) 
Pmta/CG3 50 x 50 71 20 35 7 123.5 - 
Pmta/CP 110 x 100 73 22.5 28 0 22.5 - 
Pmta/RTA-G1 55 x 40 2,353 122 10 3 132 19.6 (n=1) 
Pmta/SmithSt 70 x 30 43 0 29 1 77 - 
RH/AC2 100 x 1-5 630 0 6 2 28 62.2 (n=1) 
RH/AlexAve 400 x 40-80 42 10.8 40* 0 10.8 - 
RH/CC2 60 x 60 4,237 100 11 1 110 - 
RH/CD5+10 350 x 60-140 9,679 0 77 9 275 63.2 (n=4) 
RH/CD7 220 x  180-210 5,528 77 78 5 811 32.6 (n=3) 
RH/CD12 350 x 1-130 11,308 0 52 7 247 68.4 (n=6) 
RH/KV1 200 x 120 88 0 0 1 50 - 
RH/KVSTC1 180 x 1-60 398 16 41 4 81.25 - 
RH/OC1 5.5 x 3 548 0 0 1 13.3 71.5 (n=1) 
RH/OWR2 20 x 20 496 29 0 2 104 - 
RH/SC5 60 x 50 218 46 21 3 54 - 
RH/SCT1 100 x 10-20 50 8 13 1 21 - 
RH/SP7 160 x 40-100 38 0 32 4 96.5 - 
RH/SP9 150 x 10-60 6,920 14 12 3 161 59.4 (n=3) 
RH/SP12Nth 140 x 20-60 1,363 16 38 3 145 - 
RH/SP12Sth 150 x 30 15,867 86 66 2 377 62.7 (n=8) 
RH/SP13C 265 x 10-70 141 5 71 4 119 - 
RH/SP13G 140 x 30-70 1,308 13 41 5 151.5 - 
RH/SP13H 160 x 140 2,056 35 42 2 154 - 
RH/SP13J 180 x 20-100 177 5 28 2 57 - 
RH/SP13K 160 x 100 623 6 71 4 188 - 
RH/SP20 150 x 45 13 0 43 4 75 - 
RH/SP21+21A 200 x 30-120 186 5 88 4 153 - 
RH/SP22 140 x 80 3,107 25 39 4 171 82.7 (n=3) 
SF/PAD5 150 x 1-8 855 51 12 1 53 - 
WGO3-2 215 x 30-65 1,527 n/a 14 14 103.5 67.1 (n=2) 
WH3 120 x 50  2,250 n/a 17 2 22.8+ scrapes 90.9 (n=2) 
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Appendix 4  Minimum mesh size and artefact attributes 
The minimum mesh size used for sieving differed between some sites. Minimum mesh size 
of 1.5mm to 2.5mm was used during excavations of seven sites – six excavated up to c.2003 
and one excavated in 2012. Minimum mesh size of 3mm or 3.5mm was used during 
excavation of all other sites. The probable effects of mesh size on artefact recovery can be 
demonstrated at RH/CD12 where excavations conducted in 1999 used 1.5mm to 2.5mm 
mesh, while excavations in 2012 used 2.5mm mesh. The small mesh recovered large 
numbers of tiny artefacts (Table A177). 
 
Table A177  Artefact size and mesh at RH/CD12 (all raw material types).  
Mesh ≤5mm 5.5-
10mm 
10.5-
15mm 
15.5-
20mm 
20.5-
25mm 
>25mm Total 
artefacts 
1.5mm to 2.5mm 1,670 3,919 1,939 806 447 380 9161 
2.5mm only 263 2,750 1,670 711 426 421 6241 
 
 
Figure A148  Artefact size and mesh at RH/CD12. 
The analyses here assess whether the use of different minimum mesh size might have 
influenced the proportions of artefacts of different types in assemblages. The assemblages 
from the seven sites recovered using smaller minimum mesh are compared to the 
assemblages from other sites recovered using larger minimum mesh. Three quarries are not 
included in these analyses. 
Statistically significant distributions are present for three variables (Table A178). 
Assemblages recovered using the smaller minimum mesh tend to have lower proportions of 
broken artefacts (Table A179), low proportions of artefacts more than 30mm in maximum 
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size (Table A180) and low proportions of complete artefacts more than 30mm in maximum 
size (Table A181). Smaller minimum mesh size could bias artefact distributions for these 
variables so analysis of these variables in the thesis excluded assemblages recovered using 
the smaller minimum mesh. 
Table A178  Artefact variables and minimum mesh size – Results of statistical tests.  
V
ar
ia
b
le
s 
To
ta
l s
it
e
s 
 
N
ag
e
lk
e
rk
e
 
P
se
u
d
o
 R
2
 
O
rd
in
al
 
re
gr
e
ss
io
n
 
p
ro
b
ab
ili
ty
 
K
e
n
d
al
l’s
 
ta
u
-c
 
co
e
ff
ic
ie
n
t 
K
e
n
d
al
l’s
 
p
ro
b
ab
ili
ty
 
Jo
n
ck
h
e
e
re
-
Te
rp
st
ra
 
p
ro
b
ab
ili
ty
 
% Silcrete artefacts and mesh 40 .003 .726 .045 .739 .789 
% Silcrete MNI and mesh 40 .008 .598 - .063 .623 .644 
% Broken artefacts and mesh 40 .105 .048 .230 .090 .067 
% Cores and mesh 35 .001 .838 .026 .842 .590 
% MNI Cores and mesh 33 x x .187 .142 .117 
% Backed artefacts and mesh 36 .000 1.000 .000 1.000 .337 
% Backed MNI and mesh 32 .000 1.000 .000 1.000 .600 
% Bipolar artefacts and mesh 37 .014 .499 - .105 .366 .309 
% Artefacts >30mm and mesh 40 .185 .008 .325 .005 .004 
% Complete >30mm and mesh 32 .439 .000 .520 <.001 .004 
% Cortical artefacts and mesh 40 x x - .200 .054 .200 
% Wide flakes and mesh 30 .000 .956 - .018 .923 .902 
% Elongate flakes and mesh 28 .001 .888 .026 .884 .937 
% Plain platforms and mesh 32 .003 .754 .051 .760 .855 
% Faceted platforms and mesh 37 .051 .192 .181 .180 .261 
% Focal platforms and mesh 20 .012 .641 .100 .669 .812 
Note to table.  ‘x’ indicates tests which fail the assumption of proportional odds for ordinal 
regression. 
 
Table A179  %Broken artefacts and minimum mesh size. 
Minimum mesh size % Broken artefacts Total sites 
70.5 – 79.0% 79.5 – 86.1% 87.1 – 96.5% 
<3mm 5 1 1 7 
3mm–3.5mm 10 13 10 33 
Total 15 14 11 40 
 
Table A180   %Complete artefacts >30mm and minimum mesh size. 
Minimum mesh size % Artefacts >30mm  Total sites 
1.6 – 5.0% 5.3 – 7.4% 8.2 – 14.9% 
<3mm 6 1 - 7 
3mm–3.5mm 11 13 9 33 
Total 17 14 9 40 
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Table A181   %Complete artefacts >30mm and minimum mesh size. 
Minimum mesh size % Complete artefacts >30mm  Total sites 
4.7 – 11.5% 12.4 – 15.9% 19.2 – 29.1% 
<3mm 7 - - 7 
3mm–3.5mm 6 12 7 25 
Total 13 12 7 32 
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Appendix 5  Student t values for 84% confidence (0.16 significance level) 
 
Table A182  Student t-values for 84% confidence intervals. 
df Value for 0.16 
 
df Value for 0.16 
 
df Value for 0.16 
1 3.895 
 
35 1.436 
 
100 1.416 
2 2.189 
 
36 1.435 
 
110 1.415 
3 1.859 
 
37 1.434 
 
120 1.414 
4 1.723 
 
38 1.433 
 
130 1.413 
5 1.649 
 
39 1.432 
 
140 1.413 
6 1.603 
 
40 1.432 
 
150 1.412 
7 1.572 
 
41 1.431 
 
160 1.412 
8 1.545 
 
42 1.430 
 
170 1.411 
9 1.532 
 
43 1.430 
 
180 1.411 
10 1.518 
 
44 1.429 
 
190 1.411 
11 1.507 
 
45 1.429 
 
200 1.410 
12 1.498 
 
46 1.428 
 
210 1.410 
13 1.490 
 
47 1.428 
 
220 1.410 
14 1.484 
 
48 1.427 
 
230 1.410 
15 1.478 
 
49 1.427 
 
240 1.410 
16 1.474 
 
50 1.426 
 
250 1.409 
17 1.469 
 
51 1.426 
 
300 1.409 
18 1.466 
 
52 1.425 
 
350 1.408 
19 1.462 
 
53 1.425 
 
400 1.408 
20 1.459 
 
54 1.425 
 
450 1.407 
21 1.457 
 
55 1.424 
 
500 1.407 
22 1.454 
 
56 1.424 
 
1,000 1.406 
23 1.452 
 
57 1.424 
 
2,000 1.406 
24 1.450 
 
58 1.423 
 
3,000 1.405 
25 1.448 
 
59 1.423 
 
9,000 1.405 
26 1.446 
 
60 1.423 
 
  
27 1.445 
 
62 1.422 
 
  
28 1.443 
 
63 1.422 
 
  
29 1.442 
 
65 1.421 
 
  
30 1.441 
 
70 1.420 
 
infinity 1.372 
31 1.440 
 
75 1.419 
   
32 1.439 
 
80 1.418 
   
33 1.437 
 
90 1.417 
   
34 1.436 
 
  
   
Note to table. Calculated from http://www.danielsoper.com/statcalc/calculator.aspx?id=10 
Infinity value 1.372 (MacGregor-Fors and Payton 2013) 
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Appendix 6  References to potential stone sources on the Cumberland Plain 
 
1. Known locations with naturally occurring silcrete 
Table A183  Known locations with naturally occurring silcrete on the Cumberland Plain. 
Silcrete Location Easting Northing Elevation Comments Reference 
ADI/- EP1 294740 6264630 36 Known quarry JMcD CHM 2006b 
ADI/- Epn East 
Precinct North 
293360 6266820 30 Location approximate 
JMcD CHM 1997b 
Map 8 
ADI/- FF22 294220 6264840 32 
Known quarry. Also 
collection by Corkill at 
294256E 6264791N) 
JMcD CHM 2007b; 
Corkill 1999 
ADI/- Wi  
Willmot 
294820 6266295 29 Location approximate 
JMcD CHM 1997b 
Map 8 
ADI/- WP1 290692 6267187 30 
Pebble size and smaller 
silcrete, quartz, silicified 
wood, others 
GML+JMcD 2014a 
BC/BNI, Bells 
Creek BC2 and 
Blacktown Native 
Institute BN1 
300407 6265718 35 
Lots of unworked silcrete; 
also Kohen PhD collection  
Austral 
Archaeology 2005; 
Corkill 1999 
BT/2, Blacktown 307146 6259871 47 
Guider collection in 
Australian Museum 
Corkill 1999 
C/-, Cranebrook 285606 6267991 22 
Silcrete boulder from base 
of alluvium on shale 
Corkill 1999 
CM Claremont 
Meadows 
292016 6259810 42 
Tim Owen found small 
cobble at OAD1, said p.9-
10 located on St Marys 
Formation 
ERM 2006:10 
Do/-, Doonside, 
Bun2, Bun6 
302410 6260620 40 
Unearthed from below 
surface 
Corkill 1999; JMcD 
CHM 2011; AMC 
2013 
ECk/1, Eastern 
Creek 
300110 6273150 6 
Buried under 5-6m of 
alluvium 
Smith 1979: 39-40; 
Clark and Jones 
1991 
ECk/2, Eastern 
Creek 
300830 6272320 8 
Buried under 5-6m of 
alluvium 
Smith 1979: 39-40; 
Clark and Jones 
1991 
ECk/3, Eastern 
Creek 
300850 6271780 8 
Buried under 5-6m of 
alluvium 
Smith 1979: 39-40; 
Clark and Jones 
1991 
Elizabeth Drive - 
BCk Badgerys 
Creek 
292520 6249560 53 
Exposed along road 
shoulder 
Tessa Corkill, 
personal 
communication 
Elizabeth Drive - 
WRd Western 
Road 
294775 6248820 54 
John Byrnes thought this 
might have been 
redeposited from St Marys 
Formation 
Personal 
observation, 
Byrnes personal 
communication 
EV/-, Echo Vale 297960 6270640 20 Road cutting, Byrnes Corkill 1999, Byrne 
P a g e  | 402 
 
 
Silcrete Location Easting Northing Elevation Comments Reference 
1982b:4 says St Marys 
Formation 
1982b 
FR/1, FR2, G/ABC 
Freemans Reach 
294900 
- 
295810 
6284590 59-60, 41  Corkill 1999 
Gl - Glenmore 283915 6259600 39 
Reported to me by Norma 
Richardson 
Dallas 1981 
H/1 - Holsworthy 306700 6232290   Corkill 1999 
H/2 - Holsworthy 308600 6240990 21 
Corkill collection, see also 
Moorebank & Wattle 
Grove 
Corkill 1999 
Mo/-, 
Moorebank 
309910 6243590 19 
Corkill & PM collection; 
Penrith 100k c.1km long 
Corkill 1999 
MP/- Marsden 
Park 
299660 6270280 20-30 
total area c.3km2; 
Allowera School 299570E 
6271370N (KAS 2010) 
within this area 
Clark and Jones 
1991 
MP/1, Marsden 
Park 
299210 6270040 21 
Mary Dallas collection 
area 
Corkill 1999 
MP/x, Marsden 
Park test ex 
296850 6269450 21 
Found during test 
excavation 
GML Heritage 
2013 
NR - Nurragingy 
Reserve 
301230 6262230 40 In test excavation report JMcD CHM 2001 
OV/-, Olympic 
Village 
320200 6254700 10 
Largest cobble, more to 
south in palaeo-channel 
Corkill 1999 
OWR2, SPC/- 
Second Ponds 
Creek 
306610 6271340 41 
Limited evidence for use. 
Buried cobble at SPC 
(306706E 6271541N) 
probably same source 
JMcD CHM 2005b; 
Corkill 1999 
PP/- Plumpton 
Park 
299610 6263190 53 above Bells Creek Corkill 1999 
PR/-, Plumpton 
Ridge, Colebee 
301270 6266200 51 Map Ref centre of ridge Corkill 1999 
PR/- Col/SA25 301440 6266290 43 Known quarry 
JMcD CHM 2006a 
PR/- Col/SA26 301290 6266910 41 Known quarry 
PR/- Colebee/A 301840 6267230 27 Mapped by Mitchell 2005b JMcD CHM 2006a; 
Mitchell 2005 PR/- Colebee/B 301930 6267120 25 Mapped by Mitchell 2005b 
Rs/-, Crown St 
Riverstone 
302480 6272870 36 
Found by E Lee, reported 
to TC by Neville Baker. 
Outcrop to north found by 
R. Mills 
Corkill 1999 
SMR St Marys 
Railway 
294470 6261920 45 
Type section in railway 
cutting 
Smith and Clark 
1991:30 
Twin Creeks - 
LEC12 
293160 6253410 40 Known quarry Steele 2001:75-76 
Twin Creeks - 
CGD4 
293390 6252760 40 Known quarry Steele 2001:75-76 
WSt - 
Westminster St, 
Riverstone 
303440 6270460 51 
Known quarry. Limited 
distribution, evidence of 
quarrying 
AECOM 2010 
WSC (WSC/1) - 
West St Clair 
294160 6257650 41 
J Kohen PhD collection 
1982 
Corkill 1999 
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2. Known locations with naturally occurring IMSTC 
Table A184  Known locations with naturally occurring IMSTC on the Cumberland Plain. 
IMSTC Location Easting Northing Comments Reference 
ADI/- FF22 ; ADI/- 
rail cutting 
294255 6264790 
may be cultural, personal 
observation 
JMcD CHM 
2007b; Corkill 
1999 
BF/- Blacks Falls, 
Nepean River 
283405 6272090 
Nepean River, pebbles and 
cobbles from River level to top of 
bank 
Corkill 1999 
EV/-, Echo Vale 297955 6270640 
IMSTC and some others at base of 
cutting - modern imported gravel? 
Corkill 1999, 
Byrne 1982b 
Opposite EV/- 297430 6270750 Rickabys Creek Gravel 
Clark and Jones 
1991 
Lo/A Londonderry 288105 6272690 Noted by Koettig  Corkill 1999 
MP/x, Marsden 
Park test ex 
296910 6269580 
cobble in TU62, also cobbles at 
gully, ? Rickabys Creek Gravel 
GML Heritage 
2013 
MtP/- Mount 
Pleasant 
287755 6267190 
also observed by Norma 
Richardson and myself 
Corkill 1999 
OV/-, Olympic 
Village 
320205 6254690 identification of IMSTC uncertain Corkill 1999 
SP/- Sirius Place 294490 6269860 
possible ‘chert’ quarry (Koettig 
1980); Rickabys Creek Gravel 
Corkill 1999 
Sv/- Scheyville 301905 6279340 Rickabys Creek Gravel Corkill 1999 
SW/- South 
Windsor 
297105 6276590 
Rickabys Creek Gravel, available 
on surface 
Corkill 1999 
Wa/- Warragamba 279405 6250290 
Rickabys Creek Gravel; over a 
distance of 1km on Nortons Basin 
Road 
Corkill 1999 
Ya - Yarramundi, 
Nepean River 
286510 6278430 
cobbles in bedload of Nepean 
River 
Personal 
observation 
PTC - Peach Tree 
Creek 
285025 6262240 
‘chert’, fine grained siliceous and 
other rock types of artefact 
quality 
Rich 1986:6 
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3. Known locations with naturally occurring quartz 
Table A185  Known locations with naturally occurring quartz on the Cumberland Plain. 
Quartz Location Easting Northing Comments Reference 
Bun2 302410 6260620 Pebbles >30mm JMcD CHM 2011 
Col-SA21-23, 25-26 301920 6266800 Pebbles >30mm JMcD CHM 2006a 
FR1 295810 6284590  Corkill 1999 
H/1 306700 6232290  Corkill 1999 
H/2 308600 6240990  Corkill 1999 
Jv17 298900 6258200 
Pebbles up to 4.5cm at 
adjacent site EC3 
Brownlow et al. 
1991:71-72;  JMcD 
CHM 2006c 
Jv18 295300 6255800 
Pebbles up to 4.5cm at 
adjacent site EP6+7/2 
Brownlow et al. 
1991:71-72; JMcD 
CHM 2008b 
Jv19 297900 6255000 
Broken quartz pebbles at 
Oakdale excavations. 
GML Heritage 2015 
Mo/- 309910 6243590  Corkill 1999 
MtP/- Mount 
Pleasant 
287755 6267190 
observed by Norma 
Richardson and myself 
Personal observation 
OWR2 306610 6271340 Pebbles up to 4cm JMcD CHM 2005b 
Rs/- 302480 6272870  Corkill 1999 
SP/- Sirius Place 294700 6269840 Quartz cobbles c.8cm long Corkill 1999:79 
Wa/- Warragamba 279480 6250190 
 
Corkill 1999 
Wi/2 300455 6285690  Corkill 1999 
Ya - Yarramundi, 
Nepean River 
286500 6278400 
 
Personal observation 
PTC - Peach Tree Ck 285020 6262240  Rich 1986:6 
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Appendix 7  Radiocarbon age determinations from the Cumberland Plain 
 
Table A186  Radio-carbon age determinations on charcoal from the Cumberland Plain. 
Sample Age determination Geology Reference 
ADI/CP3/OA11, Feature 
8/Hearth(?)-Upper 
321 ± 26 BP (Wk-41851)  
447 – 295 calBP 
Alluvium GML+JMCD CHM in prep. 
ADI/CP3/OA11, Feature 
8/Hearth(?)-Lower 
391 ± 25 BP (Wk-41852)  
451 – 302 calBP 
Alluvium GML+JMCD CHM in prep. 
CRA/3-6/A/Hearth 
1,020±34BP (Wk-25427)  
988 – 901 calBP  
Shale JMcD CHM 2009b 
EL/01/A/F2 
142 ± 20 BP (Wk-38532)  
281 – 6 calBP 
Shale GML Heritage 2016:139-140 
EL/02B, F3 
236 ± 28 BP (Wk-38533)  
422 – 0 calBP 
Alluvium GML Heritage 2016:139-140 
EL/3C/F5/Hearth/spits 1 
to 2 
2,959 ± 22 BP (Wk-38534) 
3,209 – 3,059 calBP 
Alluvium GML Heritage 2016:139-140 
EL/03D/between spits 
1and 2 
3,176 ± 20 BP (Wk-41850) 
3,447 – 3,367 calBP 
Alluvium GML Heritage 2016:139-140 
EL/4B, F8 
334 ± 28 BP (Wk-38537)  
473 – 309 calBP 
Alluvium GML Heritage 2016:139-140 
EL/4C, F9, spit 4 
687 ± 28 BP (Wk-38538)  
682 – 563 calBP 
Alluvium GML Heritage 2016:139-140 
EL/6A, F10, 606 
376 ± 22 BP (Wk-38539)  
503 – 323 calBP 
Alluvium GML Heritage 2016:139-140 
EL/6A, F12, spit 2 
281 ± 28 BP (Wk-38540)  
437 – 157 calBP 
Alluvium GML Heritage 2016:139-140 
EL/7A, F14 hearth, spit 
2 
925 ± 20 BP (Wk-38541)  
915 – 791 calBP 
Alluvium GML Heritage 2016:139-140 
EL/8C, F16, pit fill 808 
379 ± 21 BP (Wk-38545)  
504 – 327 calBP 
Alluvium GML Heritage 2016:139-140 
EL/8F, F20, spit 2 
879 ± 20 BP (Wk-38549)  
901 – 732 calBP 
Alluvium GML Heritage 2016:139-140 
EL/9 
281 ± 28 BP (Wk-38540)   
437 - 157 calBP 
Shale GML Heritage 2016 Appendix D 
EL/10C spit 2/3 
197 ± 22 BP (Wk-38581)  
296 – 0 calBP 
Alluvium GML Heritage 2016:139-140 
EL/10A, F17 
399 ± 26 BP (Wk-38546)  
513 – 330 calBP 
Alluvium GML Heritage 2016:139-140 
EL/12C, F18, 1809 
945 ± 24 BP (Wk-38548)    
923 – 796 calBP 
Alluvium GML Heritage 2016:139-140 
EL/12C, F18, 1808 
1,057 ± 26 BP (Wk-38547) 
1,048 – 927 calBP 
Alluvium GML Heritage 2016:139-140 
OWR7/S3-K50a/spit 
1/#2 
4,060±90BP (Beta-66450) 
4,834 – 4,383 calBP 
Shale McDonald 1993b:11,15 
PK/CD1/Area V/S16-
A100 heat treatment  
1,070±60BP (Beta-66451) 
1,175 – 804 calBP 
Alluvium 
Rich 1993; McDonald and Rich 
1993b, 1994 
PK/CD1/CH1 hearth 
700±50 BP (Wk-4533)  
730 – 550 calBP 
Alluvium Balme et al. 1999:23-25, 35 
PK/CD1/CH2 hearth 
370±60 BP (Wk-4534)  
520 – 300 calBP 
Alluvium Balme et al. 1999:23-25, 35 
PK/CD1/CH3 fire pit 
1,030±50 BP (Wk-4535)  
1,060 – 760 calBP 
Alluvium Balme et al. 1999:23-25, 35 
P a g e  | 406 
 
 
Sample Age determination Geology Reference 
PK/CD1/CH5 hearth 
330±50 BP (Wk-4536)   
500 – 290 calBP 
Alluvium Balme et al. 1999:23-25, 35 
PK/CD1/CH7 hearth 
740±50 BP (Wk-4537)   
760 – 560 calBP 
Alluvium Balme et al. 1999:23-25, 35 
PK/CD1/Dam site/X 
III/Unit 2 
5,900±250BP (Wk-3605)  
7,350 - 6,150 calBP 
Alluvium Balme et al. 1999:32-33 
PK/CD1/Dam site/X 
II/Unit 3 
2,240±160BP (Wk-3606)  
2,716 – 1,921 calBP 
Alluvium Balme et al. 1999:32-33 
PK/CD1/KF1/M12b/unit 
4/9.5-12.5cm 
4,770±220BP (Wk-3607)  
5,938 – 4,872 calBP 
Alluvium Balme et al. 1999:32-33 
PK/CD4+6/RS11/Unit 
1/0-8cm 
3,732±97BP (Wk-3603)  
4,407 – 3,860 calBP 
Shale Balme et al. 1999:34 
PK/CD4+6/RS11/Unit 
3/16-24cm 
3,610±140BP (Wk-3604)   
4,299 – 3,574 calBP 
Shale Balme et al. 1999:34 
PSB/F8/spit 8/40cm 
5,957±74BP (NZA-3112)  
6,994 – 6,635 calBP  
Alluvium McDonald 1993a 
PT12A(1)/A8/9-
10/47cm hearth 
2,504±25 BP (Wk-33094) 
2,690 – 2,355 calBP 
Sand Williams et al. 2014 
Quakers Hill/E2/spit 
4/18cm 
3,450±60BP (SUA-2413)  
3,865 – 3,573 calBP 
Shale Smith 1986 
RH/CD7/S50-A160 
4,690±80BP (Beta-66453)  
5,598–5,085 calBP 
Sand-
stone 
McDonald and Rich 1993b 
RH/SP12sth/051E 
677N/10-12cm/A+B+C 
337±37 BP (Wk-16226)  
470 - 290 calBP 
Alluvium JMcD CHM 2005b Vol 1:67-81 
RH/SP12sth/037E 
674N/18-20cm 
3,010±39 BP (Wk-16229)  
3,270 - 2,990 calBP 
Alluvium JMcD CHM 2005b Vol 1:67-81 
RH/SP12sth/049E 
675N/9-11cm 
347±44 BP (Wk-16228)  
490 - 300 calBP 
Alluvium JMcD CHM 2005b Vol 1:67-81 
RH/SP12sth/051E 
675N/11cm/A 
3,351±40 BP (Wk-16227)  
3,640 - 3,440 calBP 
Alluvium JMcD CHM 2005b Vol 1:67-81 
RH/SP13C/380E 
970N/#2/20cm 
989±38 BP (Wk-16232)  
964 – 796 calBP 
Shale JMcD CHM 2005b Vol 1:67-81 
RTA-G1/45E 60N/13cm 
3,270±35 BP (Wk-17436) 
3,576 – 3,403 calBP 
Sand JMcD CHM 2005c:107-125 
RTA-G1/59E 58N/30-
33cm 
4,433±35 BP (Wk-17432) 
5,279 – 4,875 calBP 
Sand JMcD CHM 2005c:107-125 
RTA-G1/56E 57N/20cm 
6,078±54 BP (Wk-17434) 
7,156 – 6,793 calBP 
Sand JMcD CHM 2005c:107-125 
RTA-G1/36E 56N/24cm 
8,206±51 BP (Wk-17433) 
9,394 – 9,016 calBP 
Sand JMcD CHM 2005c:107-125 
RTA-G1/35E 57N/80-
100cm 
30,735±407BP (Wk-17435) 
35,527 – 33,980 calBP 
Sand JMcD CHM 2005c:107-125 
SPC5/C1/spit 6 
650±100 BP (SUA-2239)  
775 - 505 calBP 
Alluvium Kohen 1986:203-204 
WGO3-2/T5/K25ab/37-
47cm 
1,580±60 BP (Beta-120747) 
1,605 – 1,346 calBP 
Sand 
Attenbrow 2010a:19; JMcD 
CHM 1998:24 
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Appendix 8  Data for rock shelters within 10km of  the Cumberland Plain 
 
Table A187  Rock shelter excavations within 10km of the Cumberland Plain. 
Site Total 
lithics* 
Age 
determin-
ation 
Raw 
material 
data 
Backed 
artefacts 
Bipolar 
artefacts 
Reference 
Alfords Point 1 27 no 
too few 
lithics 
0 0 McIntyre 1984 
Alfords Point 2 64 no 
too few 
lithics 
0 0 McIntyre 1984 
Alfords Point POS 5 no 
too few 
lithics 
0 0 McIntyre 1984 
Bardens Creek 2, BC2 
pit T2 
102 no 
too few 
lithics 
0 4 
Attenbrow and 
Negerevich 1981 
Bardens Creek 5, BC5 
pit T2 
775 no No 4 28 
Attenbrow and 
Negerevich 1981 
Bardens Creek 9, BC9, 
squares A,B 
2,970 1 Yes 3 82 
Attenbrow and 
Negerevich 1981 
Bull Cave, squares D F  1,590  2 Yes 11 
10 
modified 
Miller 1983 
Castlereagh Freeway 
CF6 
895 no Yes 2 49 Corkill and Edgar 1996 
Cherrybrook, inside 2,410 
1 but 
outside# 
Some 6 86 cores McDonald 1985 
Darling Mills Creek 
DMC6 
5? no 
too few 
lithics 
0 0 
Corkill 1993 
Darling Mills Creek 
DMC7 
4 no 
too few 
lithics 
0 0 
Corkill 1993 
Darling Mills Creek 
DMC8 
1 no 
too few 
lithics 
0 0 
Corkill 1993 
Darling Mills State 
Forest  DMSF2, 
square 14H 
508 3 Yes n/a n/a 
Attenbrow 1992, 
1993; Corkill 2000 
Devlins Ck, DC1, 
square E4 
525 2 Yes 1? 3 cores Haglund 1995 
Henry Lawson Drive 2,844 2 No 77 29 cores 
Hiscock 2003; White 
and Wieneke n.d. 
John Curtin Reserve, 
squares 12A-12B 
212 2 Yes n/a n/a Corkill 1995 
Mill Creek 11, 
squares 1, 2 & 4 
10,751 5 % f 42 197 cores Koettig 1985, 1990 
Shaws Creek KI 6,055 no % f 131 117 
Stockton and Holland 
1974 
Shaws Creek KII 7,787 8 Graph 47 152 Kohen et al. 1984 
Notes to Table A187. *The term ‘lithics’ is used here because it is not known whether counts are 
limited to stone objects which meet technical criteria as artefacts or whether counts include all items 
of cultural stone, e.g. heat shatters. # A single age determination for Cherrybrook shelter was 
obtained from excavation conducted outside the shelter (McDonald 1985). Shading highlights sites 
with larger samples of artefacts, age determinations and artefact data suitable for analysis. 
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Table A188  Age determinations from rock shelters within 10km of the Cumberland Plain. 
Site and reference Spit or 
unit 
Age determinations calBP c.95% 
probability 
Reference 
Bardens Creek 9,  
squares A,B 
2 1,630±90BP (SUA-1746) 1,733 – 1,331 calBP 
Attenbrow and 
Negerevich 1981 
Bull Cave,  
squares D F 
2 1,050±80BP (SUA-2107) 1,175 – 792 Miller 1983 
6 1,820±90BP (SUA-2106) 1,945 – 1,550 
Darling Mills State 
Forest 2,  
square 14H 
5 1,560±50BP (WK-2962) 1,551 – 1,350 Attenbrow 1992, 
1993; Corkill 2000 
10 
6,740±120BP (WK-2963) 7,837 – 7,425 
10,150±130BP (WK-2511) 12,377 – 11,272 
Devlins Ck, DC1,  
square E4 
8 1,340±50BP (Beta-76605) 1,342 – 1,178 Haglund 1995 
9 1,410±50BP (Beta-76606) 1,407 – 1,263 
Henry Lawson Drive 
rock shelter 
 
base of 
midden 
870±95BP (SUA-59) 958 - 665 
White and 
Wieneke n.d.; 
Hiscock 2003 55cm 
outside 
5,2400±100BP (SUA-59) 6,276 – 5,753 
Mill Creek 11,  
squares 1 & 2 
 
3 
520±50BP (SUA-2255) Sq1 647 – 498 Koettig 1985, 1990 
980±50BP (SUA-2258) Sq2 979 – 768 
5 1,420±70BP (SUA-2256) Sq1 1,520 – 1,184 
9 
2,110±70BP (SUA-2257) Sq 1 2,309 – 1,929 
2,690±50BP (SUA-2259) Sq2 2,919 – 2,742 
Shaws Creek KII 
 
II 
1,840±70 BP (Beta-1213) 1,928 – 1,604 Kohen et al. 1984; 
Nanson et al. 1987 
1,790±115 BP (Beta-1212) 1,988 – 1,416 
1,580±190 BP (Beta-1307) 1,930 – 1,085 
III 2,235±120 BP (Beta-1210) 2,698 – 2,511 
IV 
4,140±180 BP (Beta-1211) 5,278 – 4,154 
7,860±220 BP (Beta-1398) 9,305 – 8,212 
V 12,980±480 BP (Beta-1209) 16,976 – 13,990 
VI 14,700±250 BP (Beta-12423) 18,516 – 17,289 
 
 
Figure A149  Depth-age line Shaws Ck KII. 
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Figure A150  Depth-age line Darling Mills State Forest 2 (DMSF2). 
 
 
Figure A151  Depth-age line Bardens Creek 9 (BC9). 
 
 
Figure A152  Depth-age line Bull Cave. 
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Figure A153  Depth-age line Devlins Creek. 
 
 
Figure A154  Depth-age line Mill Creek 11. 
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Table A189  Quartz artefacts at rock shelters within 10km of the Cumberland Plain. 
Site and reference Spit or unit Total 
artefacts 
Quartz 
artefacts 
% Quartz 
artefacts 
84% confidence 
intervals 
Bardens Creek 9,  
squares A,B;  
Attenbrow and Negerevich 
1981 
Surface 92 72 78.3 72.2 – 84.3 
1 1,149 832 72.4 70.6 – 74.3 
2 1,275 941 73.8 72.1 – 75.5 
3 353 272 77.1 73.9 – 80.2 
4-8 101 73 72.3 66.0 – 78.5 
Bull Cave,  
squares D F;  
Miller 1983 
1 250 73 29.2 25.2 – 33.2 
2 579 320 55.3 52.4 – 58.2 
3 355 138 38.9 35.2 – 42.5 
4 269 70 26.0 22.3 – 29.8 
5-6 137 34 24.8 19.6 – 30.0 
Darling Mills State Forest 2, 
square 14H;  
Attenbrow 1992, 1993; 
Corkill 2000 
3 239 170 71.1 67.0 – 75.2 
4 157 103 65.6 60.3 – 70.9 
5-6 51 26 51.0 41.4 – 60.6 
7-13 61 24 39.3 30.7 – 48.0 
Devlins Ck, DC1,  
square E4;  
Haglund 1995 
1-6 6 3 50.0 23.9 – 76.1 
7 48 17 35.4 25.9 – 45.0 
8 132 55 41.7 35.7 – 47.6 
9 181 119 65.7 60.8 – 70.7 
10 89 76 85.4 80.0 – 90.8 
11 69 47 68.1 60.3 – 75.9 
Mill Creek 11,  
square 1; 
Koettig 1985 
Note that counts of quartz 
are estimated from % 
frequencies given in Koettig 
1985:88 
1 8 7 87.5 67.9-100 
2 19 10 52.6 37.4-67.9 
3 178 103 57.9 52.7-63.0 
4 511 271 53.0 49.9-56.1 
5 773 387 50.1 47.5-52.6 
6 788 339 43.0 40.5-45.5 
7 826 322 39.0 36.6-41.4 
8 437 166 38.0 34.7-41.2 
9-10 349 80 22.9 19.8-26.1 
Shaws Creek KII,  
Kohen et al. 1984; Nanson 
et al. 1987  
I 2,369 - 41 39.6 – 42.4 
II 2,737 - 29 27.8 – 30.2 
III 1,239 - 19 17.4 – 20.6 
IV 460 - 23 20.2 – 25.8 
V 550 - 15 12.9 – 17.1 
VI 432 - 21 18.2 – 23.8 
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Table A190  Silcrete artefacts at rock shelters within 10km of the Cumberland Plain. 
Site and reference Spit or 
unit 
Total 
artefacts 
Silcrete 
artefacts 
% Silcrete 
artefacts 
84% confidence 
intervals 
Bardens Creek 9,  
squares A,B;  
Attenbrow and 
Negerevich 1981 
Surface 92 12 13.0 7.9 – 18.1 
1 1,149 219 19.1 17.4 – 20.7 
2 1,275 223 17.5 16.0 – 19.0 
3 353 53 15.0 12.3 – 17.7 
4-8 101 23 22.8 16.9 – 28.7 
Bull Cave,  
squares D F;  
Miller 1983 
1 250 141 56.4 52.0 – 60.8 
2 579 196 33.9 31.1 – 36.6 
3 355 161 45.4 41.7 – 49.1 
4 269 147 54.6 50.4 – 58.9 
5-6 137 70 51.1 45.1 – 57.0 
Darling Mills State 
Forest 2,  
square 14H;  
Attenbrow 1992, 
1993; Corkill 2000 
3 239 28 11.7 8.7 – 14.7 
4 157 35 22.3 17.6 – 27.0 
5-6 51 16 31.4 22.4 – 40.4 
7-13 61 5 8.2 2.7 – 13.7 
Devlins Ck, DC1,  
square E4;  
Haglund 1995 
1-6 6 3 50.0 23.9 – 76.1 
7 48 30 62.5 52.9 – 72.1 
8 132 65 49.2 43.2 – 55.3 
9 181 56 30.9 26.1 – 35.8 
10 89 12 13.5 8.2 – 18.7 
11 69 12 17.4 10.8 – 23.9 
Mill Creek 11,  
square 1; 
Koettig 1985 
Note that counts of 
silcrete are estimated 
from % frequencies given 
in Koettig 1985:88 
1 8 - - 0-16.9 
2 19 5 26.3 12.3-40.4 
3 178 45 25.3 20.7-29.9 
4 511 143 28.0 25.2-30.8 
5 773 193 25.0 22.8-27.2 
6 788 292 37.1 34.6-39.5 
7 826 281 34.0 31.7-36.3 
8 437 170 38.9 35.6-42.2 
9-10 349 185 53.0 49.3-56.7 
Shaws Creek KII,  
Kohen et al. 1984; 
Nanson et al. 1987  
I 2,369 n/a 4 3.4 – 4.6 
II 2,737 n/a 3 2.5 – 3.5 
III 1,239 n/a 4 3.2 – 4.8 
IV 460 n/a 2 1.1 – 2.9 
V 550 n/a 1 0.4 – 1.6 
VI 432 n/a 1 0.3 – 1.7 
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Table A191  IMSTC artefacts at rock shelters within 10km of the Cumberland Plain. 
Site and reference Spit or 
unit 
Total 
artefacts 
IMSTC 
artefacts 
% IMSTC 
artefacts 
84% confidence 
intervals 
Bardens Creek 9,  
squares A,B;  
Attenbrow and 
Negerevich 1981 
Surface 92 4 4.3 0.8 – 7.8 
1 1,149 90 7.8 6.7 – 9.0 
2 1,275 110 8.6 7.5 – 9.7 
3 353 28 7.9 5.9 – 10.0 
4-8 101 5 5.0 1.5 – 8.4 
Bull Cave,  
squares D F;  
Miller 1983 
1 250 36 14.4 11.2 – 17.6 
2 579 62 10.7 8.9 – 12.5 
3 355 56 15.8 13.0 – 18.5 
4 269 52 19.3 15.9 – 22.7 
5-6 137 33 24.1 18.9 – 29.2 
Darling Mills State 
Forest 2,  
square 14H;  
Attenbrow 1992, 1993; 
Corkill 2000 
3 239 21 8.8 6.1 – 11.4 
4 157 13 8.3 5.0 – 11.5 
5-6 51 7 13.7 6.6 – 20.8 
7-13 61 25 41.0 32.3 – 49.7 
Devlins Ck, DC1,  
square E4;  
Haglund 1995 
1-6 6 - - 0 – 20.9 
7 48 1 2.1 0 – 6.7 
8 132 11 8.3 4.8 – 11.9 
9 181 4 2.2 0.4 – 4.0 
10 89 1 1.1 0 – 3.7 
11 69 10 14.5 8.3 – 20.7 
Mill Creek 11,  
square 1; 
Koettig 1985 
Note that counts of IMSTC 
(given as FGS in report) 
are estimated from % 
frequencies given in 
Koettig 1985:88.  
1 8 - - 0-16.9 
2 19 3 15.8 3.2-28.4 
3 178 28 15.7 11.8-19.6 
4 511 87 17.0 14.7-19.4 
5 773 186 24.1 21.9-26.2 
6 788 150 19.0 17.1-21.0 
7 826 207 25.1 22.9-27.2 
8 437 92 21.1 18.3-23.8 
9-10 349 84 24.1 20.9-27.3 
Shaws Creek KII,  
Kohen et al. 1984; 
Nanson et al. 1987  
I 2,369 - 32 30.7 – 33.3 
II 2,737 - 49 47.7 – 50.3 
III 1,239 - 59 57.0 – 61.0 
IV 460 - 54 50.7 – 57.3 
V 550 - 67 64.2 – 69.8 
VI 432 - 67 63.8 – 70.2 
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Table A192  Backed artefacts at rock shelters within 10km of the Cumberland Plain. 
Site and reference Spit or 
unit 
Total 
artefacts 
Backed 
artefacts 
% Backed 
artefacts 
84% confidence 
intervals 
Bardens Ck 9,  
squares A,B;  
Attenbrow and 
Negerevich 1981 
Surf.+1 1,241 - - 0 – 0.2 
2+3 1,628 3 0.2 0 – 0.4 
4-8 101 - - 0 – 1.9 
Bull Cave,  
squares D F;  
Miller 1983 
1 250 - - 0 – 0.8 
2-4 1,203 7 0.6 0.2 – 0.9 
5-6 137 4 2.9 0.5 – 5.3 
Devlins Ck, DC1,  
square E4;  
Haglund 1995 
1-6 6 - - - 
7 48 - - 0 – 3.8 
8 132 - - 0 – 1.5 
9 181 - - 0 – 1.1 
10 89 1 ? 1.1 ? 0 – 3.7 ? 
11 69 - - 0 – 2.7 
Total 525 1 ? 0.2 0 – 0.6 
Henry Lawson Drive 
White and Wieneke 
n.d.; Hiscock 2003  
Total  2,844 77 2.7 2.3 – 3.1 
Mill Creek 11,  
square 1; 
Koettig 1985 
1-4 716 - - 0-0.3 
5 773 3 0.4 0-0.8 
6 788 3 0.4 0-0.8 
7 826 4 0.5 0.1-0.9 
8-10 786 4 0.5 0.1-0.9 
Shaws Creek KII,  
Kohen et al. 1984; 
Nanson et al. 1987  
I 2,369 11 0.5 0.3 – 0.7 
II 2,737 26 0.9 0.7 – 1.2 
III 1,239 10 0.8 0.4 – 1.2 
IV 460 - - 0 – 0.4 
V 550 - - 0 – 0.4 
VI 432 - - 0 – 0.5 
IV-VI 1,442 - - 0 – 0.1 
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Table A193  Bipolar artefacts at rock shelters within 10km of the Cumberland Plain. 
Site and reference Spit or 
unit 
Total 
artefacts 
Bipolar 
artefacts 
% Bipolar 
artefacts 
84% confidence 
intervals 
Bardens Creek 9,  
squares A,B;  
Attenbrow and Negerevich 
1981 
Suf.+1 1,241 36 2.9 2.2 – 3.6 
2 1,275 39 3.1 2.4 – 3.8 
3-8 454 7 1.5 0.6 – 2.5 
3 353 4 1.1 0.2 – 2.1 
4-8 101 3 3.0 0 – 5.9 
Bull Cave,  
squares D F;  
Miller 1983 
1+2 829 10 1.4 0.6 – 1.8 
3 - 6 761 - - 0 – 0.4 
1 250 6 2.4 0.9 – 3.9 
2 579 4 0.7 0.1 – 1.3 
3 355 - - 0 – 0.6 
4 269 - - 0 – 0.7 
5-6 137 - - 0 – 1.4 
Devlins Ck, DC1,  
square E4;  
Haglund 1995 
1-6 6 - - - 
7-8 180 6 3.3 1.2 – 5.5 
9-11 339 7 2.1 0.8 – 3.3 
7 48 2 4.2 0 – 9.4 
8 132 4 3.0 0.5 – 5.5 
9 181 4 2.2 0.4 – 4.0 
10 89 1 1.1 0 – 3.7 
11 69 2 2.9 0 – 6.7 
Henry Lawson Drive 
White and Wieneke 
n.d.; Hiscock 2003 
Total 2,844 29 1.0 0.7 – 1.3 
Mill Creek 11,  
square 1; 
Koettig 1985 
1 8 1 12.5 0-32.2 
2 19 1 5.3 0-15.6 
3 178 - - 0-1.1 
4 511 12 2.3 1.3-3.4 
5 773 13 1.7 1.0-2.4 
6 788 12 1.5 0.9-2.2 
7 826 14 1.7 1.0-2.4 
8-10 786 11 1.4 0.8-2.0 
Shaws Creek KII,  
Kohen et al. 1984; Nanson 
et al. 1987  
I 2,369 74 3.1 2.6 – 3.6 
II 2,737 54 2.0 1.6 – 2.4 
III 1,239 16 1.3 0.8 – 1.8 
IV 460 6 1.3 0.5 – 2.2 
V 550 1 0.2 0 – 0.6 
VI 432 1 0.2 0 – 0.8 
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Appendix 9  Site Samples, Mesh Size and Raw Material Sequences 
 
Table A194  Site samples mesh size and raw material sequences. 
Site Mesh Deeper IMSTC seq. Upper Quartz seq. 
AAS6+6W <3mm 0 1 
ADI/47+48 <3mm - - 
ADI/CP1 3mm - 3.5mm 1 0 
ADI/CP3 3mm - 3.5mm 1 1 
ADI/CP4 3mm - 3.5mm 1 1 
ADI/EP1 3mm - 3.5mm - - 
ADI/WP2 3mm - 3.5mm - - 
ADI/WP6 3mm - 3.5mm - - 
Aus1 3mm - 3.5mm 1 0 
Bun2 3mm - 3.5mm 1 0 
Col/SA20 3mm - 3.5mm 0 0 
Col/SA21 3mm - 3.5mm 1 0 
Col/SA22 3mm - 3.5mm - - 
Col/SA24 3mm - 3.5mm 1 0 
Col/SA25 3mm - 3.5mm - - 
Col/SA26 3mm - 3.5mm - - 
CRA2 3mm - 3.5mm - - 
EC3 3mm - 3.5mm - - 
EH/1 3mm - 3.5mm - - 
EH/2 3mm - 3.5mm 1 0 
EL/1+2+5+6 3mm - 3.5mm 0 0 
EL/3+4+C 3mm - 3.5mm 0 0 
EL/7+8+9 3mm - 3.5mm 0 1 
EL/10+11 3mm - 3.5mm 0 1 
EL/12 3mm - 3.5mm 0 1 
EP6+7 3mm - 3.5mm - - 
Oakdale 3mm - 3.5mm 0 0 
PH/2+3 <3mm 0 0 
Pmta/RTA-G1 3mm - 3.5mm 1 0 
RH/CC2 <3mm 1 0 
RH/CD5+10 3mm - 3.5mm - - 
RH/CD7 3mm - 3.5mm 1 1 
RH/CD12 <3mm - - 
RH/KVSTC1 3mm - 3.5mm 0 0 
RH/SP9 <3mm 0 0 
RH/SP12Nth 3mm - 3.5mm 0 0 
RH/SP12Sth 3mm - 3.5mm 0 0 
RH/SP13G 3mm - 3.5mm 0 0 
RH/SP13H 3mm - 3.5mm 1 0 
RH/SP13K 3mm - 3.5mm - - 
RH/SP22 3mm - 3.5mm 0 0 
SF/PAD5 3mm - 3.5mm 0 0 
WGO3-2 <3mm - - 
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Appendix 10  Landscape data for site samples 
 
Table A195  Site samples, distance from lithic sources, stream order, grade and elevation. 
Site 
 
Quarry 
distance 
km 
Natural 
silcrete 
distance 
km 
IMSTC 
distance 
km 
Quartz 
distance 
km 
Stream 
order 
Grade % Elevation 
approx. 
m AHD 
AAS6+6W 12 7.8 18.3 12.8 3rd 1.2 75 
ADI/47+48 4.9 0.7 2.1 0.7 2nd 2.9 39 
ADI/CP1 2.1 2.2 2.6 2.2 5th+ 0.5 19 
ADI/CP3 2.1 2.2 2.8 2.3 5th+ 0.5 19 
ADI/CP4 2 2 3.9 3.2 5th+ 0.5 19 
ADI/EP1 0 0 4.3 4.2 Quarry 1 3.7 35 
ADI/WP2 4.9 1.2 2 1.6 1st 5.6 50 
ADI/WP6.1 3.6 1.4 2.7 1.3 3rd 1.8 26 
AUS1 8 4 14.4 2.7 4th 1.8 55 
BUN2 5.7 0 11.4 0 5th+ 1.8 37 
Col/SA20 0.5 0 5.9 0.4 2nd 3.5 29 
Col/SA21 0.6 0 5.9 0.4 2nd 3.5 29 
Col/SA22 0.6 0 6.3 0 2nd 4.5 33 
Col/SA24 1 0 6.6 0.5 5th+ 0.7 20 
Col/SA25 0 0 6 0 Quarry 1 7 42 
Col/SA26 0 0 5.4 0 Quarry 1 7 43 
CRA2 5.7 1.4 6 6 2nd 1.7 46 
EC3/1+2 8.1 3.6 12.3 0.5 1st 1.8 86 
EH/1 9.5 6.3 21.4 8.8 5th+ 5.4 58 
EH/2 9.7 6.5 21.5 9 5th+ 4.5 50 
EL/1+2+5+6 15.4 10.9 21.6 10.5 3rd 2.3 89 
EL/3+4+C 15.4 10.8 21.7 10.4 3rd 0.8 88 
EL/7+8+9 16 10.6 22.3 9.7 2nd 1.1 98 
EL/10+11 16 11.3 21.8 10.3 3rd 2.2 96 
EL/12 15 10.6 21.6 10.6 4th 2.4 88 
EP6+7/1+2 2.6 2.2 12 0.2 2nd+3rd 0.7 40 
Oakdale 4.7 4.2 14.2 0 4th 0.6 55 
PH2+3 12.6 4.2 18.6 7.8 2nd 2.2 68 
Pmta/RTA-G1 17.4 4.8 23.2 14 5th+ 0.5 6 
RH/CC2 9.9 7.2 15 7.1 4th 2.1 58 
RH/CD05+10 4.6 1.7 9.6 1.6 4th - 37 
RH/CD7 5.2 2.5 10.4 2.5 4th 3.1 40 
RH/CD12 5.3 2.9 10.9 3 3rd 0.5 42 
RH/KVSTC1 6.8 4.6 12.5 4.6 3rd 2 53 
RH/SP9 5.3 2.2 8.4 2.3 4th 3.7 29 
RH/SP12Nth 3.5 3 8.9 3 2nd 0.7 54 
RH/SP12Sth 3.7 3.4 9 3.4 2nd 0.6 55 
RH/SP13G 2.9 2.2 8.6 2.2 2nd 3.7 50 
RH/SP13H 3 2.3 8.6 2.4 2nd 4.2 52 
RH/SP13K 3.1 2.3 8.8 2.3 1st 1.3 51 
RH/SP22 3.3 3.1 8.7 3.1 2nd 2.1 62 
SF/PAD5 25.1 16.3 27.3 16.5 1st 0.4 93 
WGO3-2 21.2 2 32.2 2.1 4th 2 11 
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Table A196  Site samples, valley position and geology. 
Site Valley position Valley Code Geology 
AAS6+6W Flat 6 Alluvium 
ADI/47+48 Lower slope 4 Shale 
ADI/CP1 Terrace 5 Alluvium 
ADI/CP3 Terrace 5 Alluvium 
ADI/CP4 Terrace 5 Alluvium 
ADI/EP1 Mid slope 3 Silcrete on shale 
ADI/WP2 Ridge & Upper slope 2 Shale 
ADI/WP6.1 Terrace 5 Alluvium 
AUS1 Lower slope & mostly Terrace 5 Mostly alluvium, little shale 
BUN2 Lower slope 4 Silcrete on shale 
Col/SA20 Mid slope 3 Silcrete on shale 
Col/SA21 Mid slope 3 Silcrete on shale 
Col/SA22 Mid slope 3 Silcrete on shale 
Col/SA24 Flat 6 Alluvium with silcrete 
Col/SA25 Upper slope 2 Silcrete on shale 
Col/SA26 Upper slope 2 Silcrete on shale 
CRA2 Lower slope 4 Shale, Alluvium 
EC3/1+2 Ridge & Upper slope 2 Shale 
EH/1 Mid slope 3 Shale 
EH/2 Lower slope 4 Shale 
EL/1+2+5+6 Lower slope & mostly Flat 6 Alluvium 
EL/3+4+C mostly Terrace & Flat 5 Alluvium 
EL/7+8+9 mostly Terrace & Flat 5 Alluvium 
EL/10+11 mostly Terrace & Flat 5 Alluvium 
EL/12 Flat 6 Alluvium 
EP6+7/1+2 Lower slope 4 Shale 
Oakdale mostly Terrace & Flat 5 Alluvium 
PH2+3 Lower slope 4 Shale 
Pmta/RTA-G1 Sand body - Sand body 
RH/CC2 Lower slope 4 Sandstone 
RH/CD05+10 Lower slope, Terrace & Flat - Shale, v. little sandstone, Alluvium 
RH/CD07 Lower slope 4 Sandstone 
RH/CD12 Terrace 5 Alluvium 
RH/KVSTC1 Lower slope 4 Shale 
RH/SP09 Lower slope 4 Sandstone 
RH/SP12Nth Flat 6 Alluvium 
RH/SP12Sth Terrace 5 Alluvium 
RH/SP13G Lower slope 4 Shale 
RH/SP13H Lower slope 4 Shale 
RH/SP13K Lower slope 4 Shale 
RH/SP22 Mid slope 3 Shale 
SF/PAD5 Sand body - Sand body 
WGO3-2 Sand body - Sand body 
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Table A197  Site samples and association with vegetation communities. 
Site Vegetation within 
1km 
No. of vegetation 
communities 
Sandstone 
vegetation distance 
Shale Hills 
Woodland distance 
AAS6+6W 9, 10, 5, 11 4 10.2 0.6 
ADI/47+48 9, 10, 3, 103 4 7.2 0.6 
ADI/CP1 10, 5, 11, 103, 36 5 9.7 3.3 
ADI/CP3 10, 5, 11, 103, 36 5 9.7 3.4 
ADI/CP4 10, 5, 11, 3, 103 5 9.7 3.8 
ADI/EP1 10, 5, 11, 3, 103, 6 6 12.1 4.2 
ADI/WP2 9, 10, 5, 11 4 6.9 0.6 
ADI/WP6.1 10, 5, 11 3 8.4 2.0 
AUS1 9, 10, 5, 11 4 13 0.4 
BUN2 9, 10, 5, 11 4 8.8 0.8 
Col/SA20 10, 5, 11 3 6.0 4.2 
Col/SA21 10, 5, 11 3 5.9 4.2 
Col/SA22 10, 5, 11 3 6.3 4.1 
Col/SA24 10, 5, 11 3 5.8 4.5 
Col/SA25 10, 5, 11 3 6.5 3.6 
Col/SA26 10, 5, 11 3 6.3 3.9 
CRA2 10, 5, 11 3 6.9 1.3 
EC3/1+2 9, 10, 5, 11, 67 5 12.7 0.2 
EH/1 9, 10, 5, 11 4 10.4 0.4 
EH/2 9, 10, 5, 11 4 10.3 0.6 
EL/1+2+5+6 9, 10, 5, 11 4 5.4 0.1 
EL/3+4+C 9, 10, 5, 11 4 5.3 0.4 
EL/7+8+9 9, 10, 14 3 4.8 0.1 
EL/10+11 9, 10, 5, 11 4 5.6 0.6 
EL/12 9, 10, 5, 11 4 5.4 0.2 
EP6+7/1+2 9, 10, 5, 11, 67 5 11.5 1.2 
Oakdale 10, 5, 11, 67 4 14.5 1.3 
PH2+3 9, 10, 5, 11, 67 5 4.8 0.2 
Pmta/RTA-G1 1, 2, 10, 34, 43 5 0.2 5.7 
RH/CC2 2, 15, 31, 33, 43 5 0.8 2.9 
RH/CD05+10 1, 2, 9, 10, 5, 11, 32 7 0.1 0.9 
RH/CD07 1, 2, 9, 10, 5, 11, 36 7 0.2 1.0 
RH/CD12 1, 2, 9, 10, 5, 11, 36 7 0.9 1.0 
RH/KVSTC1 1, 9, 10, 5, 11, 43 6 0.1 1.0 
RH/SP09 1, 2, 10, 5, 11, 32, 33 7 0 3.3 
RH/SP12Nth 9, 10, 5, 11 4 2.3 0.2 
RH/SP12Sth 9, 10, 5, 11 4 2.7 0.4 
RH/SP13G 9, 10, 5, 11 4 1.5 0.5 
RH/SP13H 9, 10, 5, 11 4 1.7 0.5 
RH/SP13K 9, 10, 5, 11 4 1.7 0.3 
RH/SP22 9, 10, 5, 11 4 2.4 0.6 
SF/PAD5 9, 10, 5, 11, 12, 37 6 5.9 0.5 
WGO3-2 
2, 103, 4, 6, 10, 5, 11, 
12 
8 0.3 5.7 
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Appendix 11  Artefact data for site samples 
Note that proportions are not given for small samples. 
 
Table A198  Site samples and silcrete artefacts/MNI. 
Site Silcrete 
artefacts 
Total 
artefacts 
% Silcrete 
artefacts 
% Silcrete 
Code 
Silcrete 
MNI 
Total 
MNI 
% Silcrete 
MNI 
% Silcrete 
MNI Code 
AAS6+6W 1854 2600 71.3 1 872 1273 68.5 1 
ADI/47+48 3093 3873 79.9 2 888 1014 87.6 2 
ADI/CP1 1496 1963 76.2 2 415 606 68.5 1 
ADI/CP3 3505 4629 75.7 2 1220 1775 68.7 1 
ADI/CP4 1234 2176 56.7 1 319 567 56.3 1 
ADI/EP1 6139 6167 99.5 3 849 852 99.6 3 
ADI/WP2 556 966 57.6 1 223 304 73.4 2 
ADI/WP6.1 1755 2409 72.9 1 634 953 66.5 1 
AUS1 1243 1494 83.2 2 428 515 83.1 2 
BUN2 4390 5287 83 2 1550 1932 80.2 2 
Col/SA20 8652 8861 97.6 3 2657 2715 97.9 3 
Col/SA21 6158 6645 92.7 3 1744 2003 87.1 2 
Col/SA22 2813 2941 95.6 3 897 941 95.3 3 
Col/SA24 1485 1691 87.8 3 432 514 84 2 
Col/SA25 9449 9492 99.5 3 958 969 98.9 3 
Col/SA26 1800 1835 98.1 3 270 274 98.5 3 
CRA2 513 785 65.4 1 193 308 62.7 1 
EC3/1+2 1276 1410 90.5 3 266 290 91.7 3 
EH/1 1473 1611 91.4 3 668 717 93.2 3 
EH/2 1004 1458 68.9 1 442 637 69.4 1 
EL/1+2+5+6 1713 2118 80.9 2 679 936 72.5 2 
EL/3+4+C 731 972 75.2 2 400 534 74.9 2 
EL/7+8+9 1311 2475 53 1 638 1399 45.6 1 
EL/10+11 461 659 70 1 218 323 67.5 1 
EL/12 349 702 49.7 1 170 262 64.9 1 
EP6+7/1+2 7464 8834 84.5 2 2727 3115 87.5 2 
Oakdale 392 518 75.7 2 128 186 68.8 1 
PH2+3 4202 4674 89.9 3 1715 1872 91.6 3 
Pmta/RTA-G1 2353 4163 56.5 1 1027 1940 52.9 1 
RH/CC2 4237 6126 69.2 1 1854 2792 66.4 1 
RH/CD05+10 9679 12727 76 2 3434 4175 82.3 2 
RH/CD07 5528 8692 63.6 1 2332 3536 66 1 
RH/CD12 11308 13468 84 2 4657 5674 82.1 2 
RH/KVSTC1 398 502 79.3 2 203 248 81.9 2 
RH/SP09 6920 9676 71.5 1 2970 4100 72.4 2 
RH/SP12Nth 1363 1493 91.3 3 524 578 90.7 3 
RH/SP12Sth 15867 19044 83.3 2 5798 6797 85.3 2 
RH/SP13G 1308 1948 67.1 1 511 856 59.7 1 
RH/SP13H 2056 2561 80.3 2 666 735 90.6 3 
RH/SP13K 623 658 94.7 3 203 221 91.9 3 
RH/SP22 3107 3459 89.8 3 1060 1137 93.2 3 
SF/PAD5 855 974 87.8 3 429 494 86.8 2 
WGO3-2 1527 1655 92.3 3 738 801 92.1 3 
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Table A199  Site samples and broken artefacts. 
Site Broken artefacts Total silcrete artefacts % Broken artefacts % Broken Code 
AAS6+6W 1464 1854 79 1 
ADI/47+48 2780 3093 89.9 3 
ADI/CP1 1377 1496 92 3 
ADI/CP3 3114 3505 88.8 3 
ADI/CP4 1136 1234 92.1 3 
ADI/EP1 5833 6139 95 3 
ADI/WP2 477 556 85.8 2 
ADI/WP6.1 1541 1755 87.8 3 
AUS1 1069 1243 86 2 
BUN2 3750 4390 85.4 2 
Col/SA20 7608 8652 87.9 3 
Col/SA21 5524 6158 89.7 3 
Col/SA22 2464 2813 87.6 3 
Col/SA24 1277 1485 86 2 
Col/SA25 9094 9449 96.2 3 
Col/SA26 1720 1800 95.6 3 
CRA2 452 513 88.1 3 
EC3/1+2 1214 1276 95.1 3 
EH/1 1164 1473 79 1 
EH/2 790 1004 78.7 1 
EL/1+2+5+6 1428 1713 83.4 2 
EL/3+4+C 553 731 75.6 1 
EL/7+8+9 1031 1311 78.6 1 
EL/10+11 359 461 77.9 1 
EL/12 269 349 77.1 1 
EP6+7/1+2 6203 7464 83.1 2 
Oakdale 343 392 87.5 3 
PH2+3 3396 4202 80.8 2 
Pmta/RTA-G1 1787 2353 75.9 1 
RH/CC2 3214 4237 75.9 1 
RH/CD05+10 8130 9679 84 2 
RH/CD07 4292 5528 77.6 1 
RH/CD12 8926 11308 78.9 1 
RH/KVSTC1 310 398 77.9 1 
RH/SP09 5314 6920 76.8 1 
RH/SP12Nth 1124 1363 82.5 2 
RH/SP12Sth 13355 15867 84.2 2 
RH/SP13G 1072 1308 82 2 
RH/SP13H 1793 2056 87.2 2 
RH/SP13K 534 623 85.7 2 
RH/SP22 2707 3107 87.1 2 
SF/PAD5 619 855 72.4 1 
WGO3-2 1077 1527 70.5 1 
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Table A200  Site samples and silcrete cores/MNI. 
Site Cores Total 
silcrete 
artefacts 
% Cores % Cores 
Code 
MNI 
Cores 
Total MNI 
Silcrete 
% MNI 
Cores 
% MNI 
Cores 
Code 
AAS6+6W 41 1854 2.2 3 40 872 4.6 2 
ADI/47+48 34 3093 1.1 1 29 888 3.2 2 
ADI/CP1 16 1496 1.1 1 15 415 3.5 2 
ADI/CP3 67 3505 1.9 2 62 1220 5.1 3 
ADI/CP4 24 1234 1.9 2 22 319 6.8 3 
ADI/EP1 46 6139 0.7 1 41 849 4.8 3 
ADI/WP2 11 556 2 3 10 223 
  
ADI/WP6.1 18 1755 1 1 16 634 2.6 1 
AUS1 11 1243 0.9 1 10 428 2.3 1 
BUN2 73 4390 1.7 2 69 1550 4.5 2 
Col/SA20 106 8652 1.2 2 101 2657 3.8 2 
Col/SA21 53 6158 0.9 1 52 1744 3 2 
Col/SA22 53 2813 1.9 2 51 897 5.7 3 
Col/SA24 20 1485 1.3 2 19 432 4.5 2 
Col/SA25 52 9449 0.6 1 47 958 4.9 3 
Col/SA26 10 1800 0.6 1 8 270 3.1 2 
CRA2 8 513 - - 7 193 - - 
EC3/1+2 7 1276 0.5 1 6 266 2.3 1 
EH/1 26 1473 1.8 2 24 668 3.6 2 
EH/2 22 1004 2.2 3 20 442 4.6 2 
EL/1+2+5+6 69 1713 4 3 69 679 10.1 3 
EL/3+4+C 21 731 2.9 3 20 400 5 3 
EL/7+8+9 48 1311 3.7 3 45 638 7.1 3 
EL/10+11 30 461 - - 28 218 - - 
EL/12 17 349 - - 16 170 - - 
EP6+7/1+2 145 7464 1.9 2 136 2727 5 3 
Oakdale 8 392 - - 8 128 - - 
PH2+3 58 4202 1.4 2 54 1715 3.1 2 
Pmta/RTA-G1 30 2353 1.3 2 29 1027 2.8 1 
RH/CC2 50 4237 1.2 2 48 1854 2.6 1 
RH/CD05+10 143 9679 1.5 2 140 3434 4.1 2 
RH/CD07 141 5528 2.6 3 135 2332 5.8 3 
RH/CD12 109 11308 1 1 103 4657 2.2 1 
RH/KVSTC1 9 398 - - 8 203 - - 
RH/SP09 82 6920 1.2 2 78 2970 2.6 1 
RH/SP12Nth 15 1363 1.1 1 14 524 2.6 1 
RH/SP12Sth 158 15867 1 1 152 5798 2.6 1 
RH/SP13G 13 1308 1 1 12 511 2.4 1 
RH/SP13H 21 2056 1 1 19 666 2.9 1 
RH/SP13K 13 623 2.1 3 13 203 - - 
RH/SP22 31 3107 1 1 30 1060 2.8 1 
SF/PAD5 27 855 3.2 3 26 429 6.1 3 
WGO3-2 25 1527 1.6 2 23 738 3.1 2 
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Table A201  Site samples and silcrete backed artefacts/MNI. 
Site Backed 
artefacts 
Total 
silcrete 
artefacts 
% Backed 
artefacts 
% Backed 
Code 
Backed 
MNI 
Total MNI 
Silcrete 
% Backed 
MNI 
% Backed 
MNI Code 
AAS6+6W 88 1854 4.7 3 70 872 8 3 
ADI/47+48 56 3093 1.8 1 43 888 4.8 2 
ADI/CP1 13 1496 0.9 1 10 415 2.4 1 
ADI/CP3 43 3505 1.2 1 37 1220 3 1 
ADI/CP4 9 1234 0.7 1 8 319 2.5 1 
ADI/EP1 5 6139 0.1 1 4 849 0.5 1 
ADI/WP2 18 556 3.2 3 15 223 - - 
ADI/WP6.1 43 1755 2.5 2 34 634 5.4 2 
AUS1 20 1243 1.6 1 17 428 4 1 
BUN2 95 4390 2.2 2 76 1550 4.9 2 
Col/SA20 183 8652 2.1 2 151 2657 5.7 2 
Col/SA21 89 6158 1.4 1 70 1744 4 1 
Col/SA22 60 2813 2.1 2 46 897 5.1 2 
Col/SA24 8 1485 0.5 1 6 432 1.4 1 
Col/SA25 3 9449 0 1 3 958 0.3 1 
Col/SA26 0 1800 0 1 0 270 0 1 
CRA2 7 513 1.4 1 6 193 - - 
EC3/1+2 18 1276 1.4 1 14 266 - - 
EH/1 50 1473 3.4 3 44 668 6.6 3 
EH/2 26 1004 2.6 2 20 442 4.5 2 
EL/1+2+5+6 52 1713 3 3 42 679 6.2 3 
EL/3+4+C 22 731 3 3 18 400 4.5 2 
EL/7+8+9 54 1311 4.1 3 45 638 7.1 3 
EL/10+11 10 461 - - 9 218 - - 
EL/12 13 349 - - 11 170 - - 
EP6+7/1+2 188 7464 2.5 2 161 2727 5.9 3 
Oakdale 3 392 - - 2 128 - - 
PH2+3 184 4202 4.4 3 156 1715 9.1 3 
Pmta/RTA-G1 28 2353 1.2 1 24 1027 2.3 1 
RH/CC2 75 4237 1.8 1 64 1854 3.5 1 
RH/CD05+10 250 9679 2.6 2 209 3434 6.1 3 
RH/CD07 183 5528 3.3 3 154 2332 6.6 3 
RH/CD12 322 11308 2.8 2 257 4657 5.5 2 
RH/KVSTC1 19 398 - - 15 203 - - 
RH/SP09 136 6920 2 2 113 2970 3.8 1 
RH/SP12Nth 14 1363 1 1 11 524 2.1 1 
RH/SP12Sth 403 15867 2.5 2 314 5798 5.4 2 
RH/SP13G 48 1308 3.7 3 38 511 7.4 3 
RH/SP13H 71 2056 3.5 3 60 666 9 3 
RH/SP13K 19 623 3 3 18 203 - - 
RH/SP22 63 3107 2 2 47 1060 4.4 2 
SF/PAD5 27 855 3.2 3 22 429 5.1 2 
WGO3-2 39 1527 2.6 2 35 738 4.7 2 
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Table A202  Site samples and bipolar artefacts. 
Site Bipolar artefacts Total silcrete artefacts % Bipolar artefacts % Bipolar Code 
AAS6+6W 27 1854 1.5 3 
ADI/47+48 4 3093 0.1 1 
ADI/CP1 16 1496 1.1 3 
ADI/CP3 1 3505 0 1 
ADI/CP4 7 1234 0.6 2 
ADI/EP1 2 6139 0 1 
ADI/WP2 6 556 1.1 3 
ADI/WP6.1 3 1755 0.2 2 
AUS1 2 1243 0.2 2 
BUN2 16 4390 0.4 2 
Col/SA20 3 8652 0.0 1 
Col/SA21 1 6158 0.0 1 
Col/SA22 - 2813 0 1 
Col/SA24 1 1485 0.1 1 
Col/SA25 1 9449 0 1 
Col/SA26 - 1800 0 1 
CRA2 9 513 1.8 3 
EC3/1+2 - 1276 0 1 
EH/1 1 1473 0.1 1 
EH/2 8 1004 0.8 2 
EL/1+2+5+6 9 1713 0.5 2 
EL/3+4+C 7 731 1.0 3 
EL/7+8+9 20 1311 1.5 3 
EL/10+11 27 461 5.9 3 
EL/12 6 349 - - 
EP6+7/1+2 16 7464 0.2 2 
Oakdale 3 392 - - 
PH2+3 15 4202 0.4 2 
Pmta/RTA-G1 4 2353 0.2 2 
RH/CC2 31 4237 0.7 2 
RH/CD05+10 28 9679 0.3 2 
RH/CD07 18 5528 0.3 2 
RH/CD12 39 11308 0.3 2 
RH/KVSTC1 - 398 - - 
RH/SP09 14 6920 0.2 2 
RH/SP12Nth 4 1363 0.3 1 
RH/SP12Sth 49 15867 0.3 2 
RH/SP13G - 1308 0 1 
RH/SP13H 3 2056 0.1 1 
RH/SP13K - 623 0 1 
RH/SP22 - 3107 0 1 
SF/PAD5 1 855 0.1 1 
WGO3-2 5 1527 0.3 2 
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Table A203  Site samples and silcrete artefacts/complete artefacts >30mm in size. 
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AAS6+6W 44 1854 - - 23 390 - - 
ADI/47+48 49 3093 - - 5 313 - - 
ADI/CP1 75 1496 5 1 30 119 25.2 3 
ADI/CP3 195 3505 5.6 2 54 391 13.8 2 
ADI/CP4 60 1234 4.9 1 14 98 - - 
ADI/EP1 540 6139 8.8 3 88 306 28.8 3 
ADI/WP2 30 556 5.4 2 9 79 - - 
ADI/WP6.1 67 1755 3.8 1 22 214 10.3 1 
AUS1 45 1243 3.6 1 13 174 7.5 1 
BUN2 231 4390 5.3 2 91 640 14.2 2 
Col/SA20 880 8652 10.2 3 304 1044 29.1 3 
Col/SA21 524 6158 8.5 3 176 634 27.8 3 
Col/SA22 262 2813 9.3 3 99 349 28.4 3 
Col/SA24 128 1485 8.6 3 44 208 21.2 3 
Col/SA25 - 9449 - - - 355 - - 
Col/SA26 268 1800 14.9 3 16 80 - - 
CRA2 27 513 5.3 2 5 61 - - 
EC3/1+2 42 1276 3.3 1 6 62 - - 
EH/1 36 1473 2.4 1 18 309 5.8 1 
EH/2 74 1004 7.4 2 34 214 15.9 2 
EL/1+2+5+6 39 1713 2.3 1 20 285 7 1 
EL/3+4+C 48 731 6.6 2 22 178 12.4 2 
EL/7+8+9 93 1311 7.1 2 35 280 12.5 2 
EL/10+11 38 461 8.2 3 13 102 12.7 2 
EL/12 20 349 5.7 2 9 80 - - 
EP6+7/1+2 437 7464 5.9 2 167 1261 13.2 2 
Oakdale 36 392 9.2 3 8 49 - - 
PH2+3 77 4202 - - 40 806 - - 
Pmta/RTA-G1 165 2353 7 2 74 566 13.1 2 
RH/CC2 190 4237 
  
84 1023 - - 
RH/CD05+10 283 9679 2.9 1 108 1549 7 1 
RH/CD07 543 5528 9.8 3 244 1236 19.7 3 
RH/CD12 313 11308 - - 149 2382 - - 
RH/KVSTC1 28 398 7 2 16 88 - - 
RH/SP09 377 6920 - - 146 1606 - - 
RH/SP12Nth 36 1363 2.6 1 14 239 5.9 1 
RH/SP12Sth 714 15867 4.5 1 288 2512 11.5 1 
RH/SP13G 117 1308 8.9 3 36 236 15.3 2 
RH/SP13H 149 2056 7.2 2 41 263 15.6 2 
RH/SP13K 57 623 9.1 3 21 89 - - 
RH/SP22 201 3107 6.5 2 80 400 20 3 
SF/PAD5 28 855 3.3 1 11 236 4.7 1 
WGO3-2 58 1527 - - 40 450 - - 
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Table A204  Site samples and silcrete cortical artefacts. 
Site Cortical artefacts Total silcrete artefacts % Cortical artefacts % Cortical Code 
AAS6+6W 64 1854 3.5 2 
ADI/47+48 114 3093 3.7 2 
ADI/CP1 49 1496 3.3 1 
ADI/CP3 115 3505 3.3 1 
ADI/CP4 44 1234 3.6 2 
ADI/EP1 718 6139 11.7 3 
ADI/WP2 17 556 3.1 1 
ADI/WP6.1 53 1755 3 1 
AUS1 45 1243 3.6 2 
BUN2 329 4390 7.5 3 
Col/SA20 736 8652 8.5 3 
Col/SA21 415 6158 6.7 3 
Col/SA22 176 2813 6.3 3 
Col/SA24 96 1485 6.5 3 
Col/SA25 1135 9449 12 3 
Col/SA26 272 1800 15.1 3 
CRA2 12 513 2.3 1 
EC3/1+2 21 1276 1.6 1 
EH/1 42 1473 2.9 1 
EH/2 50 1004 5 2 
EL/1+2+5+6 14 1713 0.8 1 
EL/3+4+C 29 731 4 2 
EL/7+8+9 38 1311 2.9 1 
EL/10+11 14 461 3 1 
EL/12 11 349 3.2 1 
EP6+7/1+2 347 7464 4.6 2 
Oakdale 21 392 5.4 3 
PH2+3 158 4202 3.8 2 
Pmta/RTA-G1 127 2353 5.4 3 
RH/CC2 167 4237 3.9 2 
RH/CD05+10 336 9679 3.5 2 
RH/CD07 382 5528 6.9 3 
RH/CD12 846 11308 7.5 3 
RH/KVSTC1 10 398 2.5 1 
RH/SP09 302 6920 4.4 2 
RH/SP12Nth 39 1363 2.9 1 
RH/SP12Sth 592 15867 3.7 2 
RH/SP13G 62 1308 4.7 2 
RH/SP13H 93 2056 4.5 2 
RH/SP13K 32 623 5.1 2 
RH/SP22 152 3107 4.9 2 
SF/PAD5 27 855 3.2 1 
WGO3-2 140 1527 9.2 3 
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Table A205  Site samples and silcrete wide and elongate flaks. 
Site Wide 
flakes 
Total 
flakes 
% Wide 
flakes 
% Wide 
Code 
Elongate 
flakes 
% Elongate 
flakes 
% Elongate 
Code 
AAS6+6W 66 179 36.9 2 22 12.3 2 
ADI/47+48 54 131 41.2 2 11 8.4 2 
ADI/CP1 28 83 - - 6 - - 
ADI/CP3 106 256 41.4 2 20 7.8 1 
ADI/CP4 24 54 - - 2 - - 
ADI/EP1 112 170 65.9 3 6 3.5 1 
ADI/WP2 22 53 - - 9 - - 
ADI/WP6.1 51 118 43.2 3 11 9.3 2 
AUS1 41 99 41.4 2 5 - - 
BUN2 163 368 44.3 3 31 8.4 2 
Col/SA20 263 676 38.9 2 61 9 2 
Col/SA21 124 322 38.5 2 46 14.3 3 
Col/SA22 63 160 39.4 2 22 13.8 3 
Col/SA24 68 129 52.7 3 9 7 1 
Col/SA25 126 200 63 3 3 1.5 1 
Col/SA26 38 66 - - 2 - - 
CRA2 25 44 - - 7 - - 
EC3/1+2 18 37 - - 2 - - 
EH/1 57 142 40.1 2 17 12 2 
EH/2 63 136 46.3 3 8 5.9 1 
EL/1+2+5+6 51 152 33.6 1 15 9.9 2 
EL/3+4+C 47 109 43.1 3 8 7.3 1 
EL/7+8+9 52 182 28.6 1 31 17 3 
EL/10+11 18 67 - - 6 - - 
EL/12 19 50 - - 5 - - 
EP6+7/1+2 333 794 41.9 2 72 9 2 
Oakdale 12 33 - - 3 - - 
PH2+3 141 457 30.9 1 71 15.5 3 
Pmta/RTA-G1 201 377 53.3 3 24 6.4 1 
RH/CC2 222 511 43.4 3 46 9 2 
RH/CD05+10 347 887 39.1 2 108 12.2 2 
RH/CD07 301 787 38.3 2 146 18.6 3 
RH/CD12 406 1218 33.3 1 193 15.8 3 
RH/KVSTC1 33 63 - - 4 - - 
RH/SP09 369 846 43.6 3 68 8 1 
RH/SP12Nth 43 106 40.6 2 10 - - 
RH/SP12Sth 501 1261 39.7 2 198 15.7 3 
RH/SP13G 51 154 33.1 1 21 13.6 3 
RH/SP13H 61 175 34.9 2 15 8.6 2 
RH/SP13K 17 55 - - 7 - - 
RH/SP22 146 263 55.5 3 21 8 1 
SF/PAD5 35 114 30.7 1 21 18.4 3 
WGO3-2 107 233 45.9 3 16 6.9 1 
 
  
P a g e  | 428 
 
 
 
Table A206  Site samples and silcrete plain, faceted and focal platforms. 
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AAS6+6W 95 290 32.8 1 15 5.2 1 76 26.2 3 
ADI/47+48 148 359 41.2 2 30 8.4 2 55 15.3 1 
ADI/CP1 76 202 37.6 1 12 5.9 1 28 - - 
ADI/CP3 272 607 44.8 3 40 6.6 2 97 16 1 
ADI/CP4 81 147 55.1 3 3 2 1 19 - - 
ADI/EP1 223 334 66.8 3 0 0 1 40 12 1 
ADI/WP2 43 115 - - 17 14.8 3 12 - - 
ADI/WP6.1 91 282 32.3 1 38 13.5 3 53 - - 
AUS1 74 188 39.4 2 8 4.3 1 50 - - 
BUN2 264 685 38.5 2 38 5.5 1 143 20.9 3 
Col/SA20 637 1368 46.6 3 144 10.5 3 198 14.5 1 
Col/SA21 343 714 48 3 71 9.9 2 129 18.1 2 
Col/SA22 135 339 39.8 2 37 10.9 3 60 17.7 2 
Col/SA24 90 203 44.3 3 15 7.4 2 43 - - 
Col/SA25 265 424 62.5 3 0 0 1 60 14.2 1 
Col/SA26 88 135 65.2 3 0 0 1 17 - - 
CRA2 40 121 - - 8 6.6 2 32 - - 
EC3/1+2 53 135 - - 20 14.8 3 24 - - 
EH/1 110 275 40 2 23 8.4 2 52 - - 
EH/2 94 221 42.5 2 20 9 2 42 - - 
EL/1+2+5+6 102 279 36.6 1 31 11.1 3 62 - - 
EL/3+4+C 94 208 45.2 3 13 6.3 2 41 - - 
EL/7+8+9 95 296 32.1 1 22 7.4 2 60 20.3 2 
EL/10+11 40 115 - - 6 5.2 1 19 - - 
EL/12 22 88 - - 4 - - 19 - - 
EP6+7/1+2 572 1414 40.5 2 119 8.4 2 289 20.4 2 
Oakdale 26 59 - - 1 - - 9 - - 
PH2+3 319 849 37.6 1 73 8.6 2 172 20.3 2 
Pmta/RTA-G1 211 506 41.7 2 14 2.8 1 105 20.8 3 
RH/CC2 365 812 45.0 3 21 2.6 1 154 19.0 2 
RH/CD05+10 626 1649 38.0 1 162 9.8 2 324 19.6 2 
RH/CD07 525 1247 42.1 2 118 9.5 2 253 20.3 2 
RH/CD12 785 2077 37.8 1 249 12.0 3 367 17.7 2 
RH/KVSTC1 33 105 - - 4 - - 32 - - 
RH/SP09 658 1392 47.3 3 54 3.9 1 225 16.2 1 
RH/SP12Nth 87 189 46 3 5 2.6 1 51 - - 
RH/SP12Sth 847 2338 36.2 1 263 11.2 3 550 23.5 3 
RH/SP13G 104 252 41.3 2 35 13.9 3 54 - - 
RH/SP13H 143 385 37.1 1 34 8.8 2 75 19.5 2 
RH/SP13K 51 125 - - 18 14.4 3 16 - - 
RH/SP22 207 536 38.6 2 78 14.6 3 111 20.7 3 
SF/PAD5 53 173 30.6 1 22 12.7 3 42 - - 
WGO3-2 129 332 38.9 2 32 9.6 2 89 26.8 3 
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Appendix 12  Recovery of silcrete concentrations 
 
Table A207  Recovery of concentrations. 
Concentration Mesh Recovery Condition 
AAS6/13 <3mm 3/4 1 Good 
AAS6W/04 <3mm 1/2 1 Good 
ADI/CP3/OA12/A 3mm - 3.5mm all 1 Good 
ADI/CP3/OA12/B 3mm - 3.5mm all 1 Good 
ADI/WP3/A 3mm - 3.5mm all 2 Disturbed 
ADI/WP5/B 3mm - 3.5mm 7/8 2 Disturbed 
Bun2/A 3mm - 3.5mm 1/2 - 
Col/SA20/C/A 3mm - 3.5mm all 1 Good 
Col/SA20/C/B 3mm - 3.5mm 3/4 1 Good 
Col/SA21/B/A 3mm - 3.5mm 3/4 1 Good 
Col/SA21/B/B 3mm - 3.5mm all 1 Good 
Col/SA22/A 3mm - 3.5mm all 1 Good 
CRA3-6/A 3mm - 3.5mm all 2 Disturbed 
EL/07/A 3mm - 3.5mm all 1 Good 
EP6+7/1B/C 3mm - 3.5mm all 1 Good 
EP6+7/2C 3mm - 3.5mm 7/8 1 Good 
EP6+7/2D 3mm - 3.5mm all 1 Good 
PH2+3/250E/A <3mm 1/4 3 Disturbed modern 
PH2+3/250E/B <3mm 1/2 3 Disturbed modern 
Pmta/RTA-G1/A/A 3mm - 3.5mm 1/2 3 Disturbed modern 
RH/AC2/Q40/A <3mm all 1 Good 
RH/CD05/A/A 3mm - 3.5mm 2/3 1 Good 
RH/CD05/A/B 3mm - 3.5mm 3/4 3 Disturbed modern 
RH/CD05/A/C 3mm - 3.5mm 3/4 3 Disturbed modern 
RH/CD05/A/D 3mm - 3.5mm 7/8 3 Disturbed modern 
RH/CD07/ResB/A 3mm - 3.5mm 3/4 1 Good 
RH/CD07/ResB/C 3mm - 3.5mm all 1 Good 
RH/CD07/ResB/D 3mm - 3.5mm 3/4 1 Good 
RH/CD12/2000C/A <3mm 3/4 1 Good 
RH/CD12/2000C/B <3mm 3/4 2 Disturbed 
RH/CD12/2000C/C <3mm all 2 Disturbed 
RH/CD12/2000C/E <3mm 2/3 1 Good 
RH/CD12/2002/060E <3mm 1/3 - 
RH/CD12/2002/MainX <3mm 7/8 1 Good 
RH/OC1/OA <3mm all 1 Good 
RH/SP09/880E <3mm 7/8 1 Good 
RH/SP09/OA/A <3mm all 1 Good 
RH/SP09/OA/B <3mm 3/4 1 Good 
RH/SP12Sth/NthA/L 3mm - 3.5mm 3/4 2 Disturbed 
RH/SP12Sth/NthA/M 3mm - 3.5mm 3/4 2 Disturbed 
RH/SP12Sth/OA/A 3mm - 3.5mm all 1 Good 
RH/SP12Sth/OA/B 3mm - 3.5mm 3/4 2 Disturbed 
RH/SP12Sth/OA/F 3mm - 3.5mm all 1 Good 
RH/SP12Sth/OA/G 3mm - 3.5mm all 1 Good 
RH/SP12Sth/OA/H 3mm - 3.5mm 3/4 1 Good 
RH/SP12Sth/OA/K 3mm - 3.5mm 1/2 - 
RH/SP22/I/A 3mm - 3.5mm all 1 Good 
RH/SP22/I/B 3mm - 3.5mm 7/8 2 Disturbed 
RH/SP22/IV 3mm - 3.5mm all 1 Good 
WGO3-2/T13 <3mm 7/8 1 Good 
WGO3-2/T16 <3mm 7/8 1 Good 
WH3/S09 <3mm 2/3 1 Good 
WH3/S10 <3mm 3/4 1 Good 
P a g e  | 430 
 
 
 
Table A208  Backed artefacts, backing flakes and possible tools in silcrete concentrations. 
Concentration Backed artefacts Backing flakes Possible tools Total artefacts 
AAS6/13 37 3 5 570 
AAS6W/04 27 
 
 364 
ADI/CP3/OA12/A 6 
 
3 653 
ADI/CP3/OA12/B 9 
 
2 785 
ADI/WP3/A 54 
 
4 644 
ADI/WP5/B 23 5 2 1,093 
Bun2/A 21 3 10 949 
Col/SA20/C/A 61 8 9 3,339 
Col/SA20/C/B 41 1 3 2,077 
Col/SA21/B/A 35 4 4 2,474 
Col/SA21/B/B 11 
 
 709 
Col/SA22/A 25 
 
7 614 
CRA3-6/A 20 2 3 786 
EL/07/A 16 
 
4 442 
EP6+7/1B/C 46 1 9 1,575 
EP6+7/2C 52 5 38 2,105 
EP6+7/2D 21 1 5 1,084 
PH2+3/250E/A 17 1 3 791 
PH2+3/250E/B 37 2 7 1,134 
Pmta/RTA-G1/A/A 8 
 
9 461 
RH/AC2/Q40/A 30 2 6 392 
RH/CD05/A/A 25 
 
7 935 
RH/CD05/A/B 30 3 17 1,431 
RH/CD05/A/C 62 3 8 2,569 
RH/CD05/A/D 44 
 
5 1,186 
RH/CD07/ResB/A 26 1 2 420 
RH/CD07/ResB/C 47 8 10 1,059 
RH/CD07/ResB/D 13 4 2 321 
RH/CD12/2000C/A 38 2 4 691 
RH/CD12/2000C/B 25 3 5 804 
RH/CD12/2000C/C 47 6 7 1,323 
RH/CD12/2000C/E 33 7 15 684 
RH/CD12/2002/060E 13 2 5 578 
RH/CD12/2002/Main 85 12 29 3,655 
RH/OC1/OA 10 1 2 392 
RH/SP09/880E 46 34 16 2,101 
RH/SP09/OA/A 9 
 
9 878 
RH/SP09/OA/B 16 1 11 1,133 
RH/SP12Sth/NthA/L 41 2 5 952 
RH/SP12Sth/NthA/M 13 
 
7 683 
RH/SP12Sth/OA/A 5 
 
4 500 
RH/SP12Sth/OA/B 7 1 5 548 
RH/SP12Sth/OA/F 18 4 3 639 
RH/SP12Sth/OA/G 113 13 27 3,725 
RH/SP12Sth/OA/H 24 3 7 1,039 
RH/SP12Sth/OA/K 48 4 10 1,858 
RH/SP22/I/A 5 
 
5 322 
RH/SP22/I/B 49 
 
17 1,949 
RH/SP22/IV 2 
 
1 300 
WGO3-2/T13 17 
 
6 366 
WGO3-2/T16 2 9 6 658 
WH3/S09 18 3  1,188 
WH3/S10 16 1  857 
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Appendix 13  Landscape data for silcrete concentrations 
 
Table A209  Concentrations and distance from potential silcrete sources. 
Concentration Quarry distance Natural silcrete distance Stream order 
AAS6/13 12 7.8 3rd 
AAS6W/04 12 7.9 3rd 
ADI/CP3/OA12/A 2.1 2.2 5th+ 
ADI/CP3/OA12/B 2.1 2.2 5th+ 
ADI/WP3/A 5.3 1.9 1st 
ADI/WP5/B 4.7 2 2nd 
Bun2/A 5.7 0 5th+ 
Col/SA20/C/A 0.5 0 2nd 
Col/SA20/C/B 0.5 0 2nd 
Col/SA21/B/A 0.6 0 2nd 
Col/SA21/B/B 0.6 0 2nd 
Col/SA22/A 0.6 0 2nd 
CRA3-6/A 5.9 2.3 2nd 
EL/07/A 16 10.6 2nd 
EP6+7/1B/C 2.6 2.2 2nd+3rd 
EP6+7/2C 2.6 2.2 2nd+3rd 
EP6+7/2D 2.6 2.2 2nd+3rd 
PH2+3/250E/A 12.6 4.2 2nd 
PH2+3/250E/B 12.6 4.2 2nd 
Pmta/RTA-G1/A/A 17.4 4.8 5th+ 
RH/AC2/Q40/A 2.8 0.6 2nd 
RH/CD05/A/A 4.6 1.7 4th 
RH/CD05/A/B 4.6 1.7 4th 
RH/CD05/A/C 4.6 1.7 4th 
RH/CD05/A/D 4.6 1.7 4th 
RH/CD07/ResB/A 5.3 2.7 4th 
RH/CD07/ResB/C 5.3 2.7 4th 
RH/CD07/ResB/D 5.3 2.7 4th 
RH/CD12/2000C/A 5.3 2.9 3rd 
RH/CD12/2000C/B 5.3 2.9 3rd 
RH/CD12/2000C/C 5.3 2.9 3rd 
RH/CD12/2000C/E 5.3 2.9 3rd 
RH/CD12/2002/060E 5.3 2.9 3rd 
RH/CD12/2002/MainX 5.3 2.9 3rd 
RH/OC1/OA 4.6 3 2nd 
RH/SP09/880E 5.3 2.2 4th 
RH/SP09/OA/A 5.3 2.2 4th 
RH/SP09/OA/B 5.3 2.2 4th 
RH/SP12Sth/NthA/L 3.7 3.4 2nd 
RH/SP12Sth/NthA/M 3.7 3.4 2nd 
RH/SP12Sth/OA/A 3.7 3.4 2nd 
RH/SP12Sth/OA/B 3.7 3.4 2nd 
RH/SP12Sth/OA/F 3.7 3.4 2nd 
RH/SP12Sth/OA/G 3.7 3.4 2nd 
RH/SP12Sth/OA/H 3.7 3.4 2nd 
RH/SP12Sth/OA/K 3.7 3.4 2nd 
RH/SP22/I/A 3.3 3.1 2nd 
RH/SP22/I/B 3.3 3.1 2nd 
RH/SP22/IV 3.3 3.1 2nd 
WGO3-2/T13 21.2 2 4th 
WGO3-2/T16 21.2 2 4th 
WH3/S09 11.8 7.9 3rd 
WH3/S10 11.8 7.9 3rd 
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Table A210  Concentrations, grade, elevation, valley position and geology. 
Concentration Grade % Elevation approx. Valley position Valley position Code Geology 
AAS6/13 1.2 75 Flat 6 Alluvium 
AAS6W/04 1.2 75 Flat 6 Alluvium 
ADI/CP3/OA12/A 0.5 19 Terrace 5 Alluvium 
ADI/CP3/OA12/B 0.5 19 Terrace 5 Alluvium 
ADI/WP3/A 1.7 46 Lower slope 4 Shale 
ADI/WP5/B 3.4 38 Mid slope 3 Shale 
Bun2/A 1.8 37 Lower slope 4 Silcrete 
Col/SA20/C/A 3.5 29 Mid slope 3 Silcrete 
Col/SA20/C/B 3.5 29 Mid slope 3 Silcrete 
Col/SA21/B/A 3.5 29 Mid slope 3 Silcrete 
Col/SA21/B/B 3.5 29 Mid slope 3 Silcrete 
Col/SA22/A 4.5 33 Mid slope 3 Silcrete 
CRA3-6/A 3.2 53 Lower slope 4 Shale 
EL/07/A 1.1 96 Flat 6 Alluvium 
EP6+7/1B/C 0.7 41 Lower slope 4 Shale 
EP6+7/2C 0.7 39 Lower slope 4 Shale 
EP6+7/2D 0.7 39 Lower slope 4 Shale 
PH2+3/250E/A 2.2 68 Lower slope 4 Shale 
PH2+3/250E/B 2.2 68 Lower slope 4 Shale 
Pmta/RTA-G1/A/A 0.5 6 Sand body - Sand 
RH/AC2/Q40/A 2.4 42 Lower slope 4 Shale 
RH/CD05/A/A 2.3 37 Terrace 5 Alluvium 
RH/CD05/A/B 2.3 37 Terrace 5 Alluvium 
RH/CD05/A/C 2.3 37 Terrace 5 Alluvium 
RH/CD05/A/D 2.3 37 Terrace 5 Alluvium 
RH/CD07/ResB/A 2.5 42 Lower slope 4 Sandstone 
RH/CD07/ResB/C 2.5 42 Lower slope 4 Sandstone 
RH/CD07/ResB/D 2.5 42 Lower slope 4 Sandstone 
RH/CD12/2000C/A 0.5 42 Terrace 5 Alluvium 
RH/CD12/2000C/B 0.5 42 Terrace 5 Alluvium 
RH/CD12/2000C/C 0.5 42 Terrace 5 Alluvium 
RH/CD12/2000C/E 0.5 42 Terrace 5 Alluvium 
RH/CD12/2002/060E 0.5 43 Terrace 5 Alluvium 
RH/CD12/2002/MainX 0.5 43 Terrace 5 Alluvium 
RH/OC1/OA 3.2 53 Mid slope 3 Shale 
RH/SP09/880E 3.7 31 Lower slope 4 Sandstone 
RH/SP09/OA/A 3.7 29 Lower slope 4 Sandstone 
RH/SP09/OA/B 3.7 29 Lower slope 4 Sandstone 
RH/SP12Sth/NthA/L 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/NthA/M 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/OA/A 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/OA/B 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/OA/F 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/OA/G 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/OA/H 0.6 55 Terrace 5 Alluvium 
RH/SP12Sth/OA/K 0.6 55 Terrace 5 Alluvium 
RH/SP22/I/A 2.1 62 Mid slope 3 Shale 
RH/SP22/I/B 2.1 62 Mid slope 3 Shale 
RH/SP22/IV 2.1 62 Mid slope 3 Shale 
WGO3-2/T13 2 11 Sand body - Sand 
WGO3-2/T16 2 11 Sand body - Sand 
WH3/S09 0.7 50 Terrace 5 Alluvium 
WH3/S10 0.7 50 Terrace 5 Alluvium 
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Table A211  Concentrations and association with vegetation communities. 
Concentration Vegetation in 1km No. of vegetation 
communities 
Sandstone vegetation 
distance 
Shale Hills Woodland 
distance 
AAS6/13 9, 10, 5, 11 4 10.2 0.6 
AAS6W/04 9, 10, 5, 11 4 10.2 0.6 
ADI/CP3/OA12/A 10, 5, 11, 103, 36 5 9.7 3.4 
ADI/CP3/OA12/B 10, 5, 11, 103, 36 5 9.7 3.4 
ADI/WP3/A 9, 10, 5, 11 4 6.4 0.2 
ADI/WP5/B 10, 5, 11 3 7.3 1.2 
Bun2/A 9, 10, 5, 11 4 8.8 0.8 
Col/SA20/C/A 10, 5, 11 3 6 4.2 
Col/SA20/C/B 10, 5, 11 3 6 4.2 
Col/SA21/B/A 10, 5, 11 3 5.9 4.2 
Col/SA21/B/B 10, 5, 11 3 5.9 4.2 
Col/SA22/A 10, 5, 11 3 6.3 4.1 
CRA3-6/A 9, 10, 5, 11, 67 5 6.3 0.7 
EL/07/A 9, 10, 14 3 4.8 0.1 
EP6+7/1B/C 9, 10, 5, 11, 67 5 11.5 1.2 
EP6+7/2C 9, 10, 5, 11, 67 5 11.5 1.2 
EP6+7/2D 9, 10, 5, 11, 67 5 11.5 1.2 
PH2+3/250E/A 9, 10, 5, 11, 67 5 4.8 0.2 
PH2+3/250E/B 9, 10, 5, 11, 67 5 4.8 0.2 
Pmta/RTA-G1/A/A ?1, 2, 10, 34, 43 5 0.2 5.7 
RH/AC2/Q40/A 2, 10, 5, 11 4 0.1 1.2 
RH/CD05/A/A 1, 2, 9, 10, 5, 11, 32 7 0.1 0.9 
RH/CD05/A/B 1, 2, 9, 10, 5, 11, 32 7 0.1 0.9 
RH/CD05/A/C 1, 2, 9, 10, 5, 11, 32 7 0.1 0.9 
RH/CD05/A/D 1, 2, 9, 10, 5, 11, 32 7 0.1 0.9 
RH/CD07/ResB/A 1, 2, 9, 10, 5, 11 6 0.2 1.1 
RH/CD07/ResB/C 1, 2, 9, 10, 5, 11 6 0.2 1.1 
RH/CD07/ResB/D 1, 2, 9, 10, 5, 11 6 0.2 1.1 
RH/CD12/2000C/A 1, 9, 10, 5, 11, ?36 6 0.9 1 
RH/CD12/2000C/B 1, 9, 10, 5, 11, ?36 6 0.9 1 
RH/CD12/2000C/C 1, 9, 10, 5, 11, ?36 6 0.9 1 
RH/CD12/2000C/E 1, 9, 10, 5, 11, ?36 6 0.9 1 
RH/CD12/2002/060E 1, 9, 10, 5, 11, ?36 6 0.9 1 
RH/CD12/2002/MainX 1, 9, 10, 5, 11, ?36 6 0.9 1 
RH/OC1/OA 9, 10, 5, 11 4 1.8 0.2 
RH/SP09/880E 1, 2, 10, 5, 11, 32, 33 7 0 3.3 
RH/SP09/OA/A 1, 2, 10, 5, 11, 32, 33 7 0 3.3 
RH/SP09/OA/B 1, 2, 10, 5, 11, 32, 33 7 0 3.3 
RH/SP12Sth/NthA/L 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/NthA/M 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/OA/A 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/OA/B 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/OA/F 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/OA/G 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/OA/H 9, 10, 5, 11 4 2.7 0.4 
RH/SP12Sth/OA/K 9, 10, 5, 11 4 2.7 0.4 
RH/SP22/I/A 9, 10, 5, 11 4 2.4 0.6 
RH/SP22/I/B 9, 10, 5, 11 4 2.4 0.6 
RH/SP22/IV 9, 10, 5, 11 4 2.4 0.6 
WGO3-2/T13 2, 103, 4, 6, 10, 12 6 0.3 5.7 
WGO3-2/T16 2, 103, 4, 6, 10, 12 6 0.3 5.7 
WH3/S09 9, 10, 5, 11 4 7.2 0.2 
WH3/S10 9, 10, 5, 11 4 7.2 0.2 
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Appendix 14  Artefact data for silcrete concentrations 
 
Table A212  Concentrations and broken silcrete artefacts. 
Concentration Weight OK Broken artefacts Total silcrete 
artefacts 
% Broken 
artefacts 
% Broken Code 
AAS6/13 279.9 465 570 - - 
AAS6W/04 - 289 364 - - 
ADI/CP3/OA12/A 511 552 653 84.5 2 
ADI/CP3/OA12/B 813 751 785 95.7 3 
ADI/WP3/A 378.4 529 644 82.1 2 
ADI/WP5/B 865.6 990 1093 90.6 3 
Bun2/A - 808 949 85.1 2 
Col/SA20/C/A 6962.5 2989 3339 89.5 3 
Col/SA20/C/B 6189.8 1817 2077 87.5 3 
Col/SA21/B/A 4794.8 2212 2574 85.9 3 
Col/SA21/B/B 821.1 657 709 92.7 3 
Col/SA22/A 1366 531 614 86.5 3 
CRA3-6/A 619.1 676 786 86 3 
EL/07/A 681.6 348 442 78.7 1 
EP6+7/1B/C 1112.8 1360 1575 86.3 3 
EP6+7/2C 3556.3 1599 2105 76 1 
EP6+7/2D 1388.8 932 1084 86 3 
PH2+3/250E/A - 648 791 - - 
PH2+3/250E/B - 873 1134 - - 
Pmta/RTA-G1/A/A - 355 461 77 1 
RH/AC2/Q40/A 337.0 320 392 81.6 2 
RH/CD05/A/A - 793 935 84.8 2 
RH/CD05/A/B 1153.7 1143 1431 79.9 2 
RH/CD05/A/C 1461.9 2238 2569 87.1 3 
RH/CD05/A/D 690.7 983 1186 82.9 2 
RH/CD07/ResB/A 495.7 301 420 71.7 1 
RH/CD07/ResB/C 1005.1 800 1059 75.5 1 
RH/CD07/ResB/D 581 234 321 72.9 1 
RH/CD12/2000C/A 252.5 535 691 - - 
RH/CD12/2000C/B 304.4 664 804 - - 
RH/CD12/2000C/C 609.7 972 1323 - - 
RH/CD12/2000C/E - 544 684 - - 
RH/CD12/2002/060E - 525 578 - - 
RH/CD12/2002/MainX 2261.8 2879 3655 - - 
RH/OC1/OA 166.2 301 392 - - 
RH/SP09/880E 1650.6 1546 2101 - - 
RH/SP09/OA/A 1362.7 667 878 - - 
RH/SP09/OA/B 1133.1 863 1133 - - 
RH/SP12Sth/NthA/L 600.9 837 952 87.9 3 
RH/SP12Sth/NthA/M 323 611 683 89.5 3 
RH/SP12Sth/OA/A 673.6 437 500 87.4 3 
RH/SP12Sth/OA/B 592 439 548 80.1 2 
RH/SP12Sth/OA/F 473.5 511 639 80 2 
RH/SP12Sth/OA/G 2993.4 3097 3725 83.1 2 
RH/SP12Sth/OA/H 1446.2 881 1039 84.8 2 
RH/SP12Sth/OA/K - 1549 1858 83.4 2 
RH/SP22/I/A 450.6 291 322 90.4 3 
RH/SP22/I/B 2748.3 1696 1949 87 3 
RH/SP22/IV 332.3 256 300 85.3 2 
WGO3-2/T13 165.6 247 366 67.5 1 
WGO3-2/T16 635.8 460 658 69.9 1 
WH3/S09 - - 1188 - - 
WH3/S10 - - 857 - - 
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Table A213  Concentrations and silcrete cores/MNI cores. 
Concentration Cores Total 
silcrete 
artefacts 
% Cores % Cores 
Code 
MNI 
Cores 
Total 
MNI 
Silcrete 
% MNI 
Cores 
% MNI 
Cores 
Code 
AAS6/13 8 570 - - 7 237 - - 
AAS6W/04 5 364 - - 5 179 - - 
ADI/CP3/OA12/A 12 653 - - 10 290 - - 
ADI/CP3/OA12/B 5 785 0.6 1 2 181 - - 
ADI/WP3/A 5 644 - - 5 278 - - 
ADI/WP5/B 3 1093 0.3 1 3 368 0.8 1 
Bun2/A 10 949 1.1 2 8 319 - - 
Col/SA20/C/A 37 3339 1.1 2 33 1003 3.3 2 
Col/SA20/C/B 26 2077 1.3 2 24 630 3.8 3 
Col/SA21/B/A 23 2574 0.9 2 22 672 3.3 2 
Col/SA21/B/B 1 709 0.1 1 1 203 - - 
Col/SA22/A 10 614 - - 9 214 - - 
CRA3-6/A 12 786 1.5 2 10 282 - - 
EL/07/A 11 442 - - 10 207 - - 
EP6+7/1B/C 5 1575 0.3 1 5 507 1 1 
EP6+7/2C 61 2105 2.9 3 51 909 5.6 3 
EP6+7/2D 27 1084 2.5 3 25 370 6.8 3 
PH2+3/250E/A 13 791 1.6 3 11 329 - - 
PH2+3/250E/B 27 1134 2.4 3 23 465 4.9 3 
Pmta/RTA-G1/A/A 6 461 - - 6 196 - - 
RH/AC2/Q40/A 6 392 - - 5 171 - - 
RH/CD05/A/A 21 935 2.2 3 20 321 - - 
RH/CD05/A/B 26 1431 1.8 3 25 572 4.4 3 
RH/CD05/A/C 25 2569 1 2 24 801 3 2 
RH/CD05/A/D 17 1186 1.4 2 17 405 4.2 3 
RH/CD07/ResB/A 8 420 - - 8 205 - - 
RH/CD07/ResB/C 18 1059 1.7 3 18 438 4.1 3 
RH/CD07/ResB/D 9 321 - - 7 167 - - 
RH/CD12/2000C/A 2 691 0.3 1 2 299 - - 
RH/CD12/2000C/B 3 804 0.4 1 2 309 - - 
RH/CD12/2000C/C 15 1323 1.1 2 13 614 2.1 1 
RH/CD12/2000C/E 11 684 1.6 3 9 282 - - 
RH/CD12/2002/060E 4 578 - - 3 155 - - 
RH/CD12/2002/MainX 24 3655 0.7 1 22 1503 1.5 1 
RH/OC1/OA 1 392 - - 1 177 - - 
RH/SP09/880E 19 2101 0.9 2 18 924 1.9 1 
RH/SP09/OA/A 13 878 1.5 2 9 383 2.3 2 
RH/SP09/OA/B 14 1133 1.2 2 13 507 2.6 2 
RH/SP12Sth/NthA/L 9 952 0.9 2 8 298 - - 
RH/SP12Sth/NthA/M 1 683 0.1 1 1 205 - - 
RH/SP12Sth/OA/A 1 500 - - 1 166 - - 
RH/SP12Sth/OA/B 6 548 - - 5 207 - - 
RH/SP12Sth/OA/F 4 639 - - 4 276 - - 
RH/SP12Sth/OA/G 22 3725 0.6 1 19 1431 1.3 1 
RH/SP12Sth/OA/H 11 1039 1.1 2 9 335 - - 
RH/SP12Sth/OA/K 21 1858 1.1 2 19 730 2.6 2 
RH/SP22/I/A 2 322 - - 2 99 - - 
RH/SP22/I/B 18 1949 0.9 2 17 698 2.4 2 
RH/SP22/IV 0 300 - - - 104 - - 
WGO3-2/T13 3 366 - - 2 200 - - 
WGO3-2/T16 7 658 - - 4 295 - - 
WH3/S09 11 1188 0.9 2 - - - - 
WH3/S10 7 857 0.8 2 - - - - 
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Table A214  Concentrations and silcrete backed artefacts/MNI. 
Concentration Backed 
artefacts 
Total 
silcrete 
artefacts 
% 
Backed 
artefacts 
% 
Backed 
Code 
Backed 
MNI 
Total 
MNI 
Silcrete 
% 
Backed 
MNI 
% 
Backed 
MNI 
Code 
AAS6/13 37 570 - - 30 237 - - 
AAS6W/04 27 364 - - 21 179 - - 
ADI/CP3/OA12/A 6 653 0.9 1 5 290 - - 
ADI/CP3/OA12/B 9 785 1.1 1 8 181 - - 
ADI/WP3/A 54 644 8.4 3 47 278 - - 
ADI/WP5/B 23 1093 2.1 2 19 368 5.2 2 
Bun2/A 21 949 2.2 2 17 319 - - 
Col/SA20/C/A 61 3339 1.8 1 51 1003 5 2 
Col/SA20/C/B 41 2077 2 2 36 630 5.7 2 
Col/SA21/B/A 35 2574 1.4 1 28 672 4.1 1 
Col/SA21/B/B 11 709 1.6 1 8 203 - - 
Col/SA22/A 25 614 4.1 3 19 214 - - 
CRA3-6/A 20 786 2.5 2 15 282 - - 
EL/07/A 16 442 - - 12 207 - - 
EP6+7/1B/C 46 1575 2.9 2 39 507 7.7 3 
EP6+7/2C 52 2105 2.5 2 46 909 5.1 2 
EP6+7/2D 21 1084 1.9 1 18 370 4.8 2 
PH2+3/250E/A 17 791 2.1 2 16 329 4.8 2 
PH2+3/250E/B 37 1134 3.3 3 30 465 6.5 2 
Pmta/RTA-G1/A/A 8 461 - - 7 196 - - 
RH/AC2/Q40/A 30 392 - - 24 171 - - 
RH/CD05/A/A 25 935 2.7 2 20 321 - - 
RH/CD05/A/B 30 1431 2.1 2 26 572 4.6 1 
RH/CD05/A/C 62 2569 2.4 2 51 801 6.4 2 
RH/CD05/A/D 44 1186 3.7 3 37 405 9.1 3 
RH/CD07/ResB/A 26 420 - - 22 205 - - 
RH/CD07/ResB/C 47 1059 4.4 3 41 438 9.4 3 
RH/CD07/ResB/D 13 321 - - 10 167 - - 
RH/CD12/2000C/A 38 691 5.5 3 30 299 - - 
RH/CD12/2000C/B 25 804 3.1 3 20 309 - - 
RH/CD12/2000C/C 47 1323 3.6 3 37 614 6.1 2 
RH/CD12/2000C/E 33 684 4.8 3 27 282 - - 
RH/CD12/2002/060E 13 578 - - 10 155 - - 
RH/CD12/2002/MainX 85 3655 2.3 2 68 1503 4.5 1 
RH/OC1/OA 10 392 - - 9 177 - - 
RH/SP09/880E 46 2101 2.2 2 39 924 4.2 1 
RH/SP09/OA/A 9 878 1 1 8 383 2 1 
RH/SP09/OA/B 16 1133 1.4 1 12 507 2.3 1 
RH/SP12Sth/NthA/L 41 952 4.3 3 31 298 - - 
RH/SP12Sth/NthA/M 13 683 1.9 1 9 205 - - 
RH/SP12Sth/OA/A 5 500 - - 4 166 - - 
RH/SP12Sth/OA/B 7 548 - - 6 207 - - 
RH/SP12Sth/OA/F 18 639 2.8 2 15 276 - - 
RH/SP12Sth/OA/G 113 3725 3 3 91 1431 6.3 2 
RH/SP12Sth/OA/H 24 1039 2.3 2 18 335 5.5 2 
RH/SP12Sth/OA/K 48 1858 2.6 2 36 730 4.9 2 
RH/SP22/I/A 5 322 - - 4 99 - - 
RH/SP22/I/B 49 1949 2.5 2 37 698 5.3 2 
RH/SP22/IV 2 300 - - 2 104 - - 
WGO3-2/T13 17 366 - - 16 200 - - 
WGO3-2/T16 2 658 0.3 1 2 295 - - 
WH3/S09 18 1188 1.5 1 - - - - 
WH3/S10 16 857 1.9 1 - - - - 
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Table A215  Concentrations and silcrete artefacts/complete artefacts >30mm in size. 
Concentration 
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AAS6/13 9 570 - - 5 105 - - 
AAS6W/04 9 364 - - 5 75 - - 
ADI/CP3/OA12/A 21 653 3.2 1 11 101 10.9 2 
ADI/CP3/OA12/B 32 785 4.1 2 1 34 - - 
ADI/WP3/A 11 644 1.7 1 7 115 6.1 1 
ADI/WP5/B 40 1093 3.7 2 11 103 10.7 2 
Bun2/A 59 949 6.2 2 24 141 17 3 
Col/SA20/C/A 289 3339 8.7 3 98 350 28 3 
Col/SA20/C/B 279 2077 13.4 3 92 260 35.4 3 
Col/SA21/B/A 226 2574 8.8 3 81 262 30.9 3 
Col/SA21/B/B 49 709 6.9 2 15 52 - - 
Col/SA22/A 48 614 7.8 3 23 83 - - 
CRA3-6/A 15 786 1.9 1 6 110 5.5 1 
EL/07/A 30 442 6.8 2 13 94 - - 
EP6+7/1B/C 57 1575 3.6 2 17 215 7.9 2 
EP6+7/2C 173 2105 8.2 3 89 506 17.6 3 
EP6+7/2D 43 1084 4 2 15 152 9.9 2 
PH2+3/250E/A 30 791 - - 17 143 - - 
PH2+3/250E/B 16 1134 - - 11 261 - - 
Pmta/RTA-G1/A/A 19 461 4.1 2 8 106 7.5 1 
RH/AC2/Q40/A 23 392 - - 12 72 - - 
RH/CD05/A/A 26 935 2.8 1 14 142 9.9 2 
RH/CD05/A/B 37 1431 2.6 1 19 288 6.6 1 
RH/CD05/A/C 44 2569 1.7 1 13 331 3.9 1 
RH/CD05/A/D 16 1186 1.3 1 8 203 3.9 1 
RH/CD07/ResB/A 30 420 7.1 3 16 119 13.4 2 
RH/CD07/ResB/C 74 1059 7 3 46 259 17.8 3 
RH/CD07/ResB/D 28 321 8.7 3 16 87 - - 
RH/CD12/2000C/A 7 691 - - 4 156 - - 
RH/CD12/2000C/B 7 804 - - 4 140 - - 
RH/CD12/2000C/C 15 1323 - - 8 351 - - 
RH/CD12/2000C/E 17 684 - - 4 140 - - 
RH/CD12/2002/060E 12 578 - - 5 53 - - 
RH/CD12/2002/MainX 121 3655 - - 59 776 - - 
RH/OC1/OA 7 392 - - 5 91 - - 
RH/SP09/880E 90 2101 - - 45 555 - - 
RH/SP09/OA/A 60 878 - - 25 211 - - 
RH/SP09/OA/B 54 1133 - - 15 270 - - 
RH/SP12Sth/NthA/L 9 952 0.9 1 4 115 3.5 1 
RH/SP12Sth/NthA/M 4 683 0.6 1 2 72 - - 
RH/SP12Sth/OA/A 42 500 8.4 3 6 63 - - 
RH/SP12Sth/OA/B 42 548 7.7 3 21 109 19.3 3 
RH/SP12Sth/OA/F 22 639 3.4 1 7 128 5.5 1 
RH/SP12Sth/OA/G 147 3725 3.9 2 64 628 10.2 2 
RH/SP12Sth/OA/H 75 1039 7.2 3 35 158 22.2 3 
RH/SP12Sth/OA/K 56 1858 3 1 28 309 9.1 2 
RH/SP22/I/A 15 322 4.7 2 4 31 - - 
RH/SP22/I/B 119 1949 6.1 2 51 253 20.2 3 
RH/SP22/IV 17 300 5.7 2 8 44 - - 
WGO3-2/T13 8 366 - - 5 119 - - 
WGO3-2/T16 31 658 - - 21 198 - - 
WH3/S09 45 1188 - - 25 180 - - 
WH3/S10 22 857 - - 12 142 - - 
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Table A216  Concentrations and silcrete cortical artefacts. 
Concentration Cortical artefacts Total silcrete artefacts % Cortical artefacts % Cortical Code 
AAS6/13 13 570 2.3 1 
AAS6W/04 2 364 0.5 1 
ADI/CP3/OA12/A 22 653 3.4 2 
ADI/CP3/OA12/B 37 785 4.7 2 
ADI/WP3/A 21 644 3.3 1 
ADI/WP5/B 3 1093 0.3 1 
Bun2/A 67 949 7.2 3 
Col/SA20/C/A 336 3339 10.1 3 
Col/SA20/C/B 176 2077 8.5 3 
Col/SA21/B/A 177 2574 6.9 3 
Col/SA21/B/B 27 709 3.8 2 
Col/SA22/A 19 614 3.1 1 
CRA3-6/A 31 786 3.9 2 
EL/07/A 7 442 1.6 1 
EP6+7/1B/C 76 1575 4.8 2 
EP6+7/2C 131 2105 6.2 3 
EP6+7/2D 38 1084 3.5 2 
PH2+3/250E/A 38 791 4.8 2 
PH2+3/250E/B 31 1134 2.7 1 
Pmta/RTA-G1/A/A 14 461 3 1 
RH/AC2/Q40/A 8 392 1.8 1 
RH/CD05/A/A 43 935 4.6 2 
RH/CD05/A/B 56 1431 3.9 2 
RH/CD05/A/C 69 2569 2.7 1 
RH/CD05/A/D 32 1186 2.7 1 
RH/CD07/ResB/A 21 420 5 2 
RH/CD07/ResB/C 105 1059 9.9 3 
RH/CD07/ResB/D 15 321 - - 
RH/CD12/2000C/A 66 691 9.1 3 
RH/CD12/2000C/B 60 804 7.2 3 
RH/CD12/2000C/C 126 1323 9.3 3 
RH/CD12/2000C/E 35 684 5.1 2 
RH/CD12/2002/060E 6 578 1 1 
RH/CD12/2002/MainX 353 3655 9.6 3 
RH/OC1/OA 19 392 4.8 2 
RH/SP09/880E 10 2101 0.5 1 
RH/SP09/OA/A 68 878 7.7 3 
RH/SP09/OA/B 59 1133 5.1 2 
RH/SP12Sth/NthA/L 20 952 2.1 1 
RH/SP12Sth/NthA/M 18 683 2.6 1 
RH/SP12Sth/OA/A 49 500 9.8 3 
RH/SP12Sth/OA/B 20 548 3.6 2 
RH/SP12Sth/OA/F 39 639 6.1 3 
RH/SP12Sth/OA/G 101 3725 2.7 1 
RH/SP12Sth/OA/H 67 1039 6.4 3 
RH/SP12Sth/OA/K 67 1858 3.6 2 
RH/SP22/I/A 18 322 5.6 3 
RH/SP22/I/B 99 1949 5.1 2 
RH/SP22/IV 10 300 - - 
WGO3-2/T13 14 366 3.6 2 
WGO3-2/T16 76 658 11.4 3 
WH3/S09 - 1188 - - 
WH3/S10 - 857 - - 
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Table A217  Concentrations and silcrete wide and elongate flakes. 
Concentration Wide 
flakes 
Total 
flakes 
% Wide 
flakes 
% Wide 
Code 
Elongate 
flakes 
% Elongate 
flakes 
% Elongate 
Code 
AAS6/13 9 38 - - 8 - - 
AAS6W/04 18 41 - - 6 - - 
ADI/CP3/OA12/A 23 67 - - 9 - - 
ADI/CP3/OA12/B 13 27 - - 1 - - 
ADI/WP3/A 13 38 - - 7 - - 
ADI/WP5/B 17 46 - - 3 - - 
Bun2/A 31 90 - - 5 - - 
Col/SA20/C/A 71 216 32.9 2 24 11.1 2 
Col/SA20/C/B 60 183 32.8 2 7 3.8 1 
Col/SA21/B/A 55 158 - - 29 18.4 3 
Col/SA21/B/B 13 37 - - 6 - - 
Col/SA22/A 13 48 - - 6 - - 
CRA3-6/A 22 50 - - 3 - - 
EL/07/A 18 66 - - 10 - - 
EP6+7/1B/C 59 118 - - 14 11.9 2 
EP6+7/2C 85 343 24.8 1 38 11.1 2 
EP6+7/2D 36 97 - - 6 - - 
PH2+3/250E/A 30 94 - - 10 - - 
PH2+3/250E/B 43 154 - - 35 22.7 3 
Pmta/RTA-G1/A/A 26 69 - - 6 - - 
RH/AC2/Q40/A 16 43 - - 5 - - 
RH/CD05/A/A 33 91 - - 11 - - 
RH/CD05/A/B 53 175 30.3 1 23 13.1 2 
RH/CD05/A/C 61 186 32.8 2 26 14 2 
RH/CD05/A/D 46 131 - - 13 9.9 1 
RH/CD07/ResB/A 20 61 - - 12 - - 
RH/CD07/ResB/C 53 145 - - 34 23.4 3 
RH/CD07/ResB/D 23 63 - - 9 - - 
RH/CD12/2000C/A 29 70 - - 12 - - 
RH/CD12/2000C/B 14 62 - - 17 - - 
RH/CD12/2000C/C 62 197 31.5 2 21 10.7 2 
RH/CD12/2000C/E 19 51 - - 4 
  
RH/CD12/2002/060E 6 24 - - 2 
  
RH/CD12/2002/MainX 117 450 26 1 89 19.8 3 
RH/OC1/OA 13 37 - - 4 
  
RH/SP09/880E 81 230 35.2 2 22 9.6 1 
RH/SP09/OA/A 50 130 - - 12 9.2 1 
RH/SP09/OA/B 71 178 39.9 3 18 10.1 2 
RH/SP12Sth/NthA/L 22 49 - - 7 - - 
RH/SP12Sth/NthA/M 15 43 - - 4 - - 
RH/SP12Sth/OA/A 10 28 - - 3 - - 
RH/SP12Sth/OA/B 20 64 - - 8 - - 
RH/SP12Sth/OA/F 18 56 - - 9 - - 
RH/SP12Sth/OA/G 109 297 36.7 2 51 17.2 3 
RH/SP12Sth/OA/H 31 88 - - 19 - - 
RH/SP12Sth/OA/K 47 160 29.4 1 28 17.5 3 
RH/SP22/I/A 8 24 - - 3 - - 
RH/SP22/I/B 83 167 49.7 3 11 6.6 1 
RH/SP22/IV 26 34 - - 0 - - 
WGO3-2/T13 19 53 - - 3 - - 
WGO3-2/T16 57 115 - - 5 4.3 1 
WH3/S09 24 75 - - 14 - - 
WH3/S10 24 59 - - 11 - - 
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Table A218  Concentrations and silcrete plain, faceted and focal platforms. 
Concentration 
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AAS6/13 20 65 - - 4 - - 14 - - 
AAS6W/04 26 70 - - 1 - - 22 - - 
ADI/CP3/OA12/A 51 135 - - 7 5.2 1 32 23.7 3 
ADI/CP3/OA12/B 28 106 - - 20 - - 11 - - 
ADI/WP3/A 34 108 - - 16 - - 24 - - 
ADI/WP5/B 79 150 52.7 3 8 5.3 1 17 11.3 1 
Bun2/A 66 161 41 2 7 4.3 1 29 18 2 
Col/SA20/C/A 241 528 45.6 3 55 10.4 2 81 15.3 1 
Col/SA20/C/B 167 353 47.3 3 48 13.6 3 40 11.3 1 
Col/SA21/B/A 141 338 41.7 2 53 15.7 3 72 21.3 2 
Col/SA21/B/B 52 105 - - 3 - - 15 - - 
Col/SA22/A 30 93 - - 11 - - 18 - - 
CRA3-6/A 44 117 - - 8 - - 27 23.1 3 
EL/07/A 27 91 - - 11 - - 22 - - 
EP6+7/1B/C 86 246 35 2 40 16.3 3 55 22.4 2 
EP6+7/2C 216 498 43.4 3 31 6.2 1 106 21.3 2 
EP6+7/2D 78 202 38.6 2 21 10.4 2 35 17.3 2 
PH2+3/250E/A 76 186 40.9 2 21 11.3 2 28 15.1 1 
PH2+3/250E/B 79 241 32.8 1 23 9.5 2 61 25.3 3 
Pmta/RTA-G1/A/A 27 95 - - 6 - - 21 - - 
RH/AC2/Q40/A 29 74 - - 10 - - 11 - - 
RH/CD05/A/A 78 156 50 3 3 1.9 1 29 18.6 2 
RH/CD05/A/B 95 285 33.3 1 36 12.6 2 66 23.2 3 
RH/CD05/A/C 116 388 29.9 1 39 10.1 2 69 17.8 2 
RH/CD05/A/D 84 218 38.5 2 24 11 2 53 24.3 3 
RH/CD07/ResB/A 45 101 - - 12 - - 23 - - 
RH/CD07/ResB/C 69 219 31.5 1 27 12.3 2 58 26.5 3 
RH/CD07/ResB/D 53 96 - - 6 - - 15 - - 
RH/CD12/2000C/A 35 112 - - 19 - - 22 - - 
RH/CD12/2000C/B 49 124 - - 17 13.7 3 28 22.6 2 
RH/CD12/2000C/C 97 290 33.4 1 42 14.5 3 74 25.5 3 
RH/CD12/2000C/E 43 99 - - 5 - - 18 - - 
RH/CD12/2002/060E 23 66 - - 6 - - 13 - - 
RH/CD12/2002/MainX 273 746 36.6 2 97 13 2 99 13.3 1 
RH/OC1/OA 26 75 - - 9 - - 12 - - 
RH/SP09/880E 128 359 35.7 2 36 10 2 65 18.1 2 
RH/SP09/OA/A 96 203 47.3 3 3 1.5 1 33 16.3 1 
RH/SP09/OA/B 122 262 46.6 3 7 2.7 1 39 14.9 1 
RH/SP12Sth/NthA/L 42 108 - - 13 - - 22 - - 
RH/SP12Sth/NthA/M 24 86 - - 12 - - 25 - - 
RH/SP12Sth/OA/A 31 78 - - 13 - - 15 - - 
RH/SP12Sth/OA/B 38 106 - - 15 - - 20 - - 
RH/SP12Sth/OA/F 38 100 - - 9 - - 26 - - 
RH/SP12Sth/OA/G 182 529 34.4 1 51 9.6 2 134 25.3 3 
RH/SP12Sth/OA/H 38 151 25.2 1 34 22.5 3 33 21.9 2 
RH/SP12Sth/OA/K 125 304 41.1 2 24 7.9 2 84 27.6 3 
RH/SP22/I/A 13 41 - - 6 - - 11 - - 
RH/SP22/I/B 137 362 37.8 2 58 16 3 82 22.7 2 
RH/SP22/IV 30 68 - - 8 - - 6 - - 
WGO3-2/T13 37 87 - - 13 - - 20 - - 
WGO3-2/T16 70 146 47.9 3 1 0.7 1 45 30.8 3 
WH3/S09 64 178 36 2 19 10.7 2 43 24.2 3 
WH3/S10 61 130 - - 13 - - 27 20.8 2 
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Appendix 15  Details of ordinal regression 
Assumptions of ordinal regression 
1. The outcome or dependent variable must be ordinal (Norusis 2012:69), and there 
needs to be at least three groups of ordinal outcomes (e.g. low, moderate, high). 
2. The predictor variables are coded for ordinal regression. For binary variables the codes 
are ‘0’ for absent and ‘1’ for present (following Field 2013:103-105,362). For ordered 
variables the data are sorted into ascending order (Hosmer et al. 2013:297-298; IBM 
2013:71) with ‘1’ for low (or closest), ‘2’ for moderate and ‘3’ for high (or most distant). 
3. When conducting ordinal regression in SPSS the artefact variables are ‘dependent’ and 
the coded landscape variables are regarded as ‘factors’ not ‘covariates’ (Norusis 
2012:73).  
4. In SPSS different logistic functions for conducting the analyses can be used depending 
on the shape of the distribution of the artefact variable (Norusis 2012:84). If the 
artefact variable is evenly distributed across categories then the logit function should 
be used. If higher categories are more common the complementary log-log function 
should be used. If lower categories are more common the negative log-log function 
should be used. If the distribution is normal (i.e. middle categories are most numerous) 
then the probit function should be used. If the outcome has many extreme values then 
the cauchit (inverse cauchy) function should be used (Norusis 2012:84). Of these 
functions, complementary log-log tends to produce higher than expected pseudo-R2 
statistics when more than two predictors are used (Smith and McKenna 2012); but 
more than two predictors are not used in the current study. 
5. Only low or moderate collinearity. If two or more predictor variables are highly 
correlated in regression they can produce spurious results (Lewis-Beck 1995:62).  
6. Not too many empty cells or cells with few expected values (Norusis 2012:78-79). When 
data is arranged in a table there should be as few cells as possible to maximise the 
number of sites in each cell. The number of empty cells will be exacerbated when 
additional predictor variables are added to an analysis because this increases the 
numbers of cells in a table and reduces the numbers of expected sites in each cell 
(Norusis 2012:78-79). From an archaeological point of view, however, the presence of 
some empty cells means that no sites have low or high proportions, potentially making 
the distributions stronger, provided that the row totals have sufficient numbers of sites 
to support the absence of sites as significant. Here, the empty-cell issue is initially taken 
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into account by coding predictor variables in two or three groups only, and not using 
continuous data as predictors. 
7. The assumption of proportional odds (referred to as parallel lines by SPSS) must be met 
for an analysis to be reliable. Ordinal regression assumes that the relationship between 
the independent variables and the logistic functions are the same for all ordinal groups, 
so producing a set of proportional odds (parallel lines or planes). If the proportional 
odds (lines or planes) are not parallel the difference between them produces a 
significant chi-squared result for this test (Norusis 2012:74-75,80). 
8. The results of ordinal regression are indicated by the probability of the model fit. This is 
the change in the -2 log-likelihood on the intercept compared to the final model. A chi-
squared test on the difference is performed with attached probability. If the probability 
is statistically significant the predictor variable provides an improved model for the data 
(Norusis 2012:79-80). 
9. The Nagelkerke’s pseudo-R2 value provides a guide to the substantive fit of a model 
(Field 2013:764-766; Muijs 2011:172; Norusis 2012:81-82). The pseudo-R2 statistics may 
represent the amount of variation in the artefact variable which could be accounted for 
by the predictor variables (Field 2013:302; though see Muijs 2011:172 for an alternative 
view). SPSS quotes three pseudo-R2 statistics (Cox and Snell’s, Nagelkerke and 
McFaden’s), of which Nagelkerke’s pseudo-R2 most closely approximates the R2 value of 
linear regression (Smith and McKenna 2012).  
10. Pearson and deviance goodness-of-fit measures could be unreliable if there are empty 
cells or cells with small expected values. It is better to use pseudo-R2 values to describe 
how much variation between assemblages could be accounted for by the predictor/s 
(Norusis 2012:78). The current study includes the goodness-of-fit statistics with the 
details of ordinal regression but does not rely on them. 
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Table A219  Mesh size – Details of ordinal regression.  
Variables  
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% Silcrete artefacts and mesh 40 0 of 6 Logit 12.070 11.947 .123 1 .726 .127 1 .721 .003 .001 .718 
% Silcrete MNI and mesh 40 0 of 6 N-Log-log 12.060 11.782 .278 1 .598 .020 1 .888 .008 .003 .888 
% Broken artefacts and mesh 40 0 of 6 N-Log-log 15.159 11.265 3.894 1 .048 .206 1 .650 .105 .045 .654 
% Cores and mesh 35 0 of 6 Probit 12.332 12.291 .042 1 .838 1.154 1 .283 .001 .001 .285 
% MNI Cores and mesh 33 1 of 6 N-Log-log 14.726 14.090 .637 1 .425 3.560 1 .059 .022 .009 .030 
% Backed artefacts and mesh 36 0 of 6 Logit 11.913 11.913 .000 1 1.000 .355 1 .551 .000 .000 .557 
% Backed MNI and mesh 32 0 of 6 Probit 11.387 11.387 .000 1 1.000 .110 1 .740 .000 .000 .742 
% Bipolar artefacts and mesh 37 0 of 6 Probit 13.263 12.805 .458 1 .499 2.007 1 .157 .014 .006 .153 
% Artefacts >30mm and mesh 40 1 of 6 N-Log-log 17.049 9.943 7.106 1 .008 .441 1 .506 .185 .083 .399 
% Complete artefacts >30mm and mesh 32 2 of 6 N-Log-log 22.414 6.738 15.676 1 .000 .000 1 1.000 .439 .230 1.000 
% Cortical artefacts and mesh 40 1 of 6 Probit 16.840 14.716 2.124 1 .145 4.206 1 .040 .058 .025 .024 
% Wide flakes and mesh 30 0 of 6 Probit 12.099 12.096 .003 1 .956 1.227 1 .268 .000 .000 .263 
% Elongate flakes and mesh 28 0 of 6 Probit 10.992 10.972 .020 1 .888 .048 1 .826 .001 .000 .827 
% Plain platforms and mesh 32 0 of 6 Probit 11.633 11.535 .098 1 .754 .276 1 .599 .003 .001 .594 
% Faceted platforms and mesh 37 0 of 6 Probit 13.107 11.403 1.704 1 .192 .076 1 .783 .051 .021 .782 
% Focal platforms and mesh 20 0 of 6 Probit 10.180 9.963 .217 1 .641 .279 1 .597 .012 .005 .596 
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Table A220  Deeper IMSTC sequences – Details of ordinal regression.  
Variables  
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% Silcrete artefacts and Deeper IMSTC sequence 28 0 of 6 N-Log-log 12.082 11.915 .167 1 .683 .672 1 .413 .007 .003 .410 
% Silcrete MNI and Deeper IMSTC sequence 28 0 of 6 N-Log-log 12.530 11.074 1.456 1 .228 .363 1 .547 .058 .025 .539 
% Broken artefacts and Deeper IMSTC sequence 24 0 of 6 N-Log-log 12.252 10.973 1.279 1 .258 .360 1 .549 .059 .025 .546 
% Cores and Deeper IMSTC sequence 24 0 of 6 Logit 12.949 12.376 .573 1 .449 1.742 1 .187 .027 .011 .183 
% MNI Cores and Deeper IMSTC sequence 24 0 of 6 Logit 11.563 11.562 .001 1 .975 .753 1 .386 .000 .000 .384 
% Backed artefacts and Deeper IMSTC sequence 24 0 of 6 Cauchit 19.385 10.218 9.167 1 .002 .665 1 .415 .359 .176 .419 
% Backed MNI and Deeper IMSTC sequence 24 0 of 6 N-Log-log 16.579 10.352 6.227 1 .013 .287 1 .592 .258 .120 .594 
% Bipolar artefacts and Deeper IMSTC sequence 25 0 of 6 Probit 12.555 11.799 .757 1 .384 1.425 1 .233 .034 .015 .226 
% Artefacts >30mm and Deeper IMSTC sequence. 24 0 of 6 Probit 10.930 10.930 .000 1 1.00 .120 1 .729 .000 .000 .729 
% Complete artefacts >30mm and D/IMSTC seq. 20 0 of 6 Probit 12.296 9.935 2.361 1 .124 .354 1 .552 .126 .055 .550 
% Cortical artefacts and Deeper IMSTC sequence 28 0 of 6 Probit 14.878 10.891 3.987 1 .046 .045 1 .833 .150 .066 .833 
% Wide flakes and Deeper IMSTC sequence 22 1 0f 6 Logit 15.572 11.442 4.130 1 .042 2.359 1 .125 .194 .088 .072 
% Elongate flakes and Deeper IMSTC sequence 20 0 of 6 Logit 11.302 10.136 1.166 1 .280 .106 1 .745 .064 .027 .745 
% Plain platforms and Deeper IMSTC sequence 24 0 of 6 Logit 13.971 12.521 1.450 1 .229 2.025 1 .155 .066 .028 .149 
% Faceted platforms and Deeper IMSTC sequence 25 0 of 6 N-Log-log 18.177 15.899 2.278 1 .131 5.621 1 .018 .099 .042 .006 
% Focal platforms and Deeper IMSTC sequence 14 0 of 6 Probit 9.704 9.704 .000 1 .985 1.200 1 .273 .000 .000 .269 
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Table A221  Upper Quartz Sequence – Details of ordinal regression.  
Variables  
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% Silcrete artefacts and Upper Quartz 28 1 of 6 N-Log-log 18.132 8.987 9.145 1 .002 .423 1 .515 .315 .151 .408 
% Silcrete MNI and Upper Quartz seq. 28 2 of 6 N-Log-log 19.951 6.405 13.546 1 <.001 .000 1 1.000 .439 .234 1.000 
% Broken artefacts and Upper Quartz seq. 24 1 of 6 N-Log-log 15.273 13.390 1.883 1 .170 4.296 1 .038 .085 .036 .020 
% Cores and Upper Quartz sequence 24 1 of 6 Logit 13.813 9.535 4.278 1 .039 .793 1 .373 .184 .082 .275 
% MNI Cores and Upper Quartz seq. 24 1 of 6 Logit 16.822 8.277 8.544 1 .003 .256 1 .613 .337 .163 .512 
% Backed artefacts and Upper Quartz 24 1 of 6 Cauchit 12.028 11.028 1.000 1 .317 2.189 1 .139 .046 .019 .041 
% Backed MNI and Upper Quartz seq. 24 1 of 6 N-Log-log 13.340 13.051 .289 1 .591 3.239 1 .072 .013 .006 .009 
% Bipolar artefacts and Upper Quartz 25 0 of 6 Probit 13.718 10.381 3.337 1 .068 .664 1 .415 .143 .064 .422 
% Artefacts >30mm and Upper Quartz seq. 24 0 of 6 Probit 10.814 10.435 .379 1 .538 .280 1 .597 .018 .007 .598 
% Complete artefacts >30mm and 
U/Quartz 
20 1 of 6 Probit 10.876 10.529 .347 1 .556 2.271 1 .132 .019 .008 .094 
% Cortical artefacts and Upper Quartz 28 0 of 6 Probit 13.047 10.803 2.244 1 .134 .332 1 .564 .087 .037 .568 
% Wide flakes and Upper Quartz seq. 22 1of 6 Logit 12.251 10.968 1.282 1 .257 2.530 1 .112 .064 .027 .077 
% Elongate flakes and Upper Quartz seq. 20 0 of 6 Logit 9.838 9.376 .462 1 .497 .030 1 .864 .026 .011 .863 
% Plain platforms and Upper Quartz seq. 24 0 of 6 Logit 10.368 10.354 .014 1 .905 .261 1 .610 .001 .000 .600 
% Faceted platforms and Upper Quartz 25 1 of 6 N-Log-log 12.537 11.812 .725 1 .394 2.303 1 .129 .032 .013 .076 
% Focal platforms and Upper Quartz seq. 14 0 of 6 Probit 8.626 8.416 .210 1 .647 .081 1 .776 .017 .007 .777 
 
P a g e  | 446 
 
 
 
Table A222  Distance from silcrete quarries – Details of ordinal regression.  
Variables  
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% Silcrete artefacts and quarry distance 28 2 of 9 N-Log-log 20.497 10.537 9.960 2 .007 .015 2 .993 .338 .164 .993 
% Silcrete MNI and quarry distance 28 1 of 9 N-Log-log 18.522 15.302 3.219 2 .200 3.568 2 .168 .124 .056 .158 
% Broken artefacts and quarry distance 24 2 of 9 N-Log-log 25.259 10.394 14.865 2 .001 .948 2 .622 .522 .286 .472 
% Cores and quarry distance 28 1 of 9 Logit 21.329 12.069 9.260 2 .010 .949 2 .622 .361 .176 .527 
% MNI Cores and quarry distance 24 2 of 9 Logit 20.307 18.761 1.546 2 .462 7.955 2 .019 .070 .029 .011 
% Backed artefacts and quarry distance 24 1 of 9 Cauchit 16.186 13.414 2.772 2 .250 1.162 2 .559 .123 .053 .430 
% MNI Backed and quarry distance 24 1 of 9 N Log-log 15.439 13.337 2.102 2 .350 1.187 2 .552 .095 .040 .469 
% Bipolar artefacts and quarry distance 25 2 of 9 Probit 21.095 9.443 11.652 2 .003 .117 2 .943 .426 .224 .943 
% Artefacts >30mm and quarry distance 24 2 of 9 Probit 20.953 12.370 8.583 2 .014 2.643 2 .267 .340 .165 .255 
% Complete artefacts >30mm and quarry dist. 20 3 of 9 Probit 21.166 10.556 10.610 2 .005 2.620 2 .270 .467 .249 .192 
% Cortical artefacts and quarry distance 28 2 of 9 Probit 20.617 10.612 10.005 2 .007 .161 2 .923 .340 .166 .923 
% Wide flakes and quarry distance 22 1 of 9 Cauchit 16.958 16.504 .454 2 .797 5.544 2 .063 .023 .010 .004 
% Elongate flakes and quarry distance 20 0 of 9 Logit 13.690 13.690 .000 2 1.000 1.315 2 .518 .000 .000 .493 
% Plain platforms and quarry distance 24 2 of 9 Logit 18.110 10.394 7.716 2 .021 .191 2 .909 .310 .147 .908 
% Faceted platforms and quarry distance  25 1 of 9 N-Log-log 15.885 13.353 2.532 2 .282 1.243 2 .537 .109 .047 .487 
% Focal platforms and quarry distance 14 2 of 9 Probit 13.329 10.006 3.323 2 .190 1.609 2 .447 .240 .112 .348 
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Table A223  Stream order and sites lacking Deeper IMSTC and Upper Quartz Sequences – Details of ordinal regression.  
Variables  
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% Silcrete MNI and stream order  14 1 of 6 Probit 13.560 10.529 3.031 1 .082 4.514 1 .034 .228 .113 .032 
% Broken artefacts and stream order  11 0 of 6 Probit 10.003 9.072 .930 1 .335 1.985 1 .159 .093 .041 .162 
% MNI Cores and stream order 12 0 of 6 N-Log-log 8.843 8.317 .526 1 .468 .485 1 .486 .049 .021 .480 
% MNI Backed and stream order 12 0 of 6 Logit 10.562 8.805 1.757 1 .185 1.278 1 .258 .154 .068 .269 
% Bipolar artefacts and stream order 12 2 of 6 Probit 12.558 4.575 7.983 1 .005 .000 1 1.000 .560 .329 1.000 
% Complete >30mm and stream order 9 1 of 6 N-Log-log 7.525 7.140 .384 1 .535 1.239 1 .266 .048 .021 .210 
% Cortical artefacts and stream order 14 0 of 6 Probit 8.144 8.144 .000 1 1.000 .000 1 1.000 .000 .000 1.000 
% Wide flakes and stream order 12 0 of 6 Logit 10.492 8.257 2.235 1 .135 .570 1 .450 .191 .085 .451 
% Elongate flakes and stream order 11 1 of 6 Logit 12.574 7.512 5.062 1 .024 1.397 1 .237 .416 .211 .182 
% Plain platforms and stream order 12 0 of 6 Logit 8.870 8.357 .513 1 .474 .199 1 .656 .047 .019 .656 
% Faceted platforms and stream order 12 0 of 6 Cauchit 10.807 7.195 3.612 1 .057 .011 1 .916 .300 .149 .916 
Sites lacking Deeper IMSTC and Upper Quartz Sequences, plus upper assemblages from sites RTA-G1 and RH/CC2. 
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Table A224  Distance of concentrations from silcrete quarries – Details of ordinal regression.  
Variables  
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Weight of concentration and quarry dist. 42 1 of 6 Probit 22.465 15.520 6.945 2 .031 1.266 2 .531 .172 .076 .497 
% Broken artefacts and quarry distance 35 1 of 9 Logit 22.869 13.647 9.222 2 .010 .350 2 .839 .261 .120 .763 
% Cores and quarry distance 34 1 of 9 Probit 16.811 15.143 1.669 2 .434 1.705 2 .426 .055 .024 .334 
% MNI Cores and quarry distance 20 1 of 9 Logit 13.937 13.598 .339 2 .844 2.128 2 .345 .019 .008 .284 
% Backed artefacts and quarry distance  39 0 of 9 Probit 19.024 16.328 2.696 2 .260 1.077 2 .584 .075 .032 .582 
% Artefacts >30mm and quarry distance  34 1 of 9 Logit 21.060 14.081 6.979 2 .031 .663 2 .718 .209 .093 .649 
% Complete artefacts >30mm and quarry dist. 25 2 of 9 Logit 20.288 10.597 9.691 2 .008 .479 2 .787 .362 .177 .788 
% Cortical artefacts and quarry distance 49 0 of 9 Logit 19.308 17.333 1.975 2 .373 .831 2 .660 .044 .018 .663 
% Elongate flakes and quarry distance  19 0 of 9 Logit 12.549 12.093 .456 2 .796 .065 2 .968 .027 .011 .968 
% Plain platforms and quarry distance  26 1 of 9 Probit 15.613 12.882 2.731 2 .255 1.061 2 .588 .113 .049 .551 
% Faceted platforms and quarry distance 28 1 of 9 Probit 17.686 12.859 4.827 2 .090 .843 2 .656 .180 .081 .627 
% Focal platforms and quarry distance 30 2 of 9 Cauchit 19.453 16.046 3.407 2 .182 4.014 2 .134 .122 .053 .061 
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Appendix 16  Silcrete assemblages with age determinations in the Greater Sydney Region  
 
Assemblages with more than 80 total artefacts. 
 
Table A225  Silcrete assemblages from the greater Sydney region with age determinations. 
Region Site Dates (uncalibrated) Calibrated BP Square Unit or 
depth 
Spit Silcrete Total Lithics from squares 
& spits 
Reference 
East Sydney 260CCD 
2,165 + 37 BP (Wk-23796)  
2,216 + 37 BP (Wk-23798) 
2,262 + 38 BP (Wk-23797) 
2,310 – 2,055 
2,332 – 2,146 
2,349 – 2,155 
A3 2 
Conte
xt 2-4 
4 121 
A1 spit 3, ash lens 
spits 4+5, A3 contexts 
2+3+4+5 
JMcD CHM 2008c 
East Sydney 
Angophera 
Reserve 
1,150±100BP (ANU-6583) 
1,330±100BP (ANU-6922) 
1,750±90BP (ANU-6923) 
2,000±150BP (ANU-6584) 
1,290 – 835 
1,474 – 984 
1,882 – 1,418 
2,333 – 1,619 
10D 
15cm 
9cm 
25cm 
40cm 
pit 
2 
5 
11 
86 4,473 All midden McDonald 1992 
East Sydney 
Angophera 
Reserve 
1,690±250BP (ANU-6921) 
1,890±130BP (ANU-6585) 
2,304 – 1,088 
2,150 – 1,534 
10D 
72cm 
82cm 
16 
18 
55 1,242 Brown sandy McDonald 1992 
East Sydney 
Balmoral 
Beach 
2,960±60BP (Beta-60308) shell 
3,000±80BP (Beta-55984) shell 
3,530±150BP (Beta-60307) 
3,780±140BP (Beta-58864) 
4,500 – 2,450 n/a - - 1,805 2,754 
Total assemblage 
from square M6 
Attenbrow et al. 
2008 
East of 
Cumberland  
Bardens Ck 
9 
1,630±90BP (SUA-1746) 1,733 – 1,331 A, B - 2 223 1,275 
Squares A+B 
Spit 2 
Attenbrow & 
Negerevich 1981 
East of 
Cumberland  
Bull Cave 1,050±80BP (SUA-2107) 1,175 – 792 F - 2 196 579 Sq’s D+F Spit 2 Miller 1983 
East of 
Cumberland  
Bull Cave 1,820±90BP (SUA-2106) 1,945 – 1,550 F - 6 70 137 Sq’s D+F Spit 5+6 Miller 1983 
Cumberland  CRA/3-6/A 1,020±34BP (Wk-25427) 1,049 - 800 hearth - - 896 1,068 All area A JMcD CHM 2009b 
East of 
Cumberland  
Devlins Ck 
DC1 
1,340±50BP (Beta-76605) 1,342 – 1,178 E4 - 8 65 132 Spit 8 Haglund 1995 
East of 
Cumberland  
Devlins Ck 
DC1 
1,410±50BP (Beta-76606) 1,407 – 1,263 E4 - 9 56 181 Spit 9 Haglund 1995 
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Region Site Dates (uncalibrated) Calibrated BP Square Unit or 
depth 
Spit Silcrete Total Lithics from squares 
& spits 
Reference 
East of 
Cumberland  
DMSF2 1,560±50BP (WK-2962) 1,551 – 1,350 14H - 5 51 208 Spits 4-6 
Attenbrow 1992, 
1993; Corkill 2000 
Cumberland 
Plain 
EL/7A/F14 
925 ± 20 BP 
 
915 – 791 feature 14 - 2 287 522 All area 3C Spit 2 GML Heritage 2016 
East Sydney 
Great 
Mackerel 
220+120BP (ANU-6370) 
480+90BP (ANU-6371) 
560+160BP (ANU-6372) 
471 – 0 
655 – 315 
901 - 155 
6 
6cm 
12cm 
22cm 
- 3 167 Midden McDonald 2008 
East Sydney 
Great 
Mackerel 
3670+150BP (ANU-6615) 4,424 – 3,617 6B 51cm 
Layer 
4 
20 261 Artefact layer McDonald 2008 
East Sydney 
Loftus St 
Bundeena 
3,643 + 32 BP (Wk-22761) 
3,662 + 53 BP (Wk-22762) 
4,083 – 3,871 C15 1 4 54 122 All C15 MDCA 2008:45,47 
East Sydney 
Loftus St 
Bundeena 
4,151 + 32 BP (Wk-22764) 
4,563 + 33 BP (Wk-22763) 
4,826 – 4,576 
5,440 – 5,054 
H15 1 
4 
3 
9 122 All H15 MDCA 2008:45,47 
Mangrove 
Creek 
Loggers 530+90 BP (SUA-1124) 675 – 326 F - 2 11 690 EF spit 2 
Attenbrow 
2004:291 
Mangrove 
Creek 
Loggers 2,480+60 BP (SUA-2165) 2,726 – 2,365 F - 4 7 432 EF spit 4 
Attenbrow 
2004:291 
Mangrove 
Creek 
Loggers 7,950+80 BP (SUA-2412) 9,005 – 8,600 F - 7 8 193 EF spit 7 
Attenbrow 
2004:291 
Mangrove 
Creek 
Loggers 8,380+120 BP (SUA-1125) 9,546 – 9,033 F - 9 1 206 EF spit 9 
Attenbrow 
2004:291 
Mangrove 
Creek 
Loggers 9,450+120 BP (SUA-1206) 11,166 – 10,406 F - 13 8 333 EF spit 13 
Attenbrow 
2004:291 
Mangrove 
Creek 
Loggers 11,050 +135 BP (SUA-931) 13,143 – 12,706 F - 20-21 0 108 EF spit 17-21 
Attenbrow 
2004:291 
East of 
Cumberland  
Mill Creek 
11 
520±50BP (SUA-2255) 
980±50BP (SUA-2258) 
647 – 498 
979 – 768 
1 
2 
- 3 116 412 Spit 3 estimate Koettig 1985, 1990 
East of 
Cumberland  
Mill Creek 
11 
1,420±70BP (SUA-2256) 1,520 – 1,184 1 - 5 658 1,934 Spit 5 estimate Koettig 1985 
East of 
Cumberland  
Mill Creek 
11 
2,110±70BP (SUA-2257) 
2,690±50BP (SUA-2259) 
2,309 – 1,929 
2,919 – 2,742 
1 
2 
- 9 893 1,678 Spits 9-11 estimate Koettig 1985, 1990 
East of 
Cumberland  
Mill Creek 
14 
2,160±80BP (Beta-27197) 2,343 – 1,952 E91-V 
15-
25cm 
3 16 437 E9 Spit 3 Koettig 1990 
East Sydney Mt Trefle  210±60BP (Wk-2481) corrected 429 – 0 outside - 3 2 87 Outside Spit 3 Attenbrow 1992; 
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Region Site Dates (uncalibrated) Calibrated BP Square Unit or 
depth 
Spit Silcrete Total Lithics from squares 
& spits 
Reference 
for marine reservoir Attenbrow and 
Steele 1995 
East Sydney Mt Trefle  1,170±60BP (Wk-2083) 1259 – 961 outside - 10 5 308 Outside Spit 10 
Attenbrow 1992; 
Attenbrow and 
Steele 1995 
Cumberland 
Plain 
PK/CD1/II  1,070±60BP (SUA-1231) 1,175 – 804 S16. A100 feature  187 198 
Total for trench 
S16.A100 
Rich 1993a 
Hawkesbury -
Nepean 
PT12 7,900 ± 800 (GL-10005) (OSL) n/a C10 56cm 12 19 87 Spit 12 Williams et al. 2012 
Hawkesbury 
–Nepean 
PT12-A(2) 
12,000 ± 1,000 (GL-11072) 
(OSL) 
n/a D1 43cm 9 60 383 PT12-A(2) spit 9 Williams et al. 2014 
Hawkesbury 
–Nepean 
PT12-A(2) 
17,000 ± 1,000 (GL-11073) 
(OSL) 
n/a D1 52cm 11 29 239 PT12-A(2) spit 11 Williams et al. 2014 
Hawkesbury -
Nepean 
PT12-A(2) 
21,000 ± 2,000 (GL-11074) 
(OSL) 
n/a D1 68cm 14 20 424 PT12-A(2) spit 14 Williams et al. 2014 
Cumberland 
Plain 
RH/CD7 4,690±80BP (Beta-66453) 5,598–5,085 S50. A160 
10-
20cm 
2 104 120 
S50.A160  
10-20cm 
McDonald and Rich 
1993a, 1993b 
Cumberland 
Plain 
RTA-G1 4,433±35 BP (Wk-17432) 5,279 – 4,875 59E 58N 
30-
33cm 
- 68 96 
20-40cm depth 9m
2
 
around 59E 58N 
JMcD CHM 2005c 
Cumberland 
Plain 
RTA-G1 6,078±54 BP (Wk-17434) 7,156 – 6,793 56E 57N 
20cm 
(20-35) 
- 73 146 
20-40cm depth 9m
2
 
around 56E 57N 
JMcD CHM 2005c 
Cumberland 
Plain 
RTA-G1 8,206±51 BP (Wk-17433) 9,394 – 9,016 36E 56N 24cm - 75 174 
20-40cm depth 9m
2
 
around 36E 56N 
JMcD CHM 2005c 
Cumberland 
Plain 
RTA-G1 
More than  
8,206±51 BP (Wk-17433) 
> 9,394 – 9,016 36E 56N - - 9 81 
40-80cm depth 9m
2
 
around 36E 56N 
JMcD CHM 2005c 
Hawkesbury 
–Nepean 
Shaws Ck KII 
1,580±190 BP (Beta-1307) 
1,790±115 BP (Beta-1212) 
1,840±70 BP (Beta-1213) 
1,930 – 1,085 
1,988 – 1,416 
1,928 – 1,604 
A 
C 
B 
24cm 
5cm 
23cm 
II 3% 2737 All Phase II Kohen et al. 1984 
Hawkesbury 
–Nepean 
Shaws Ck KII 2,235±120 BP (Beta-1210) 2,698 – 2,511 B 31cm III 4% 1239 All Phase III Kohen et al. 1984 
Hawkesbury 
–Nepean 
Shaws Ck KII 
4,140±180 BP (Beta-1211) 
7,860±220 BP (Beta-1398)  
5,278 – 4,154 
9,305 – 8,212 
C 
Gc 
38cm 
31cm 
IV 2% 460 All Phase IV Kohen et al. 1984 
Hawkesbury -
Nepean 
Shaws Ck KII 12,980±480 BP (Beta-1209) 16,976 – 13,990 A 71cm V 1% 550 All Phase V Kohen et al. 1984 
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Region Site Dates (uncalibrated) Calibrated BP Square Unit or 
depth 
Spit Silcrete Total Lithics from squares 
& spits 
Reference 
Hawkesbury -
Nepean 
Shaws Ck KII 14,700±250 BP (Beta-12423) 18,516 – 17,289 n/a - VI 1% 432 All Phase VI 
Kohen et al. 1984; 
Nanson et al. 
1987:76 
East Sydney 
Tempe 
House 
3,640 + 50 BP (Beta-222747) 4,138 – 3,837 0E 9N 
30-
36cm 
- 415 440 All North locus 
JMcD CHM 
2006f:44,52 
East Sydney 
Tempe 
House 
4,180 + 60 BP (Beta-222749) 4,849 – 4,532 1W3N 
60-
80cm 
- 1,441 1,566 All South locus 
JMcD CHM 
2006f:44,61 
Mangrove 
Creek 
UDM/2 1,220±120 BP (ANU-8134) 1,350 – 922 6B 6.5cm 2 (II) 16 898 All 
McDonald 
2008:187,199 
Mangrove 
Creek 
UDM/4 1,860±70 BP (ANU-8135) 1,285 – 982 6B 
15-
20cm 
4 (II) 15 441 All 
McDonald 
2008:187,199 
Mangrove 
Creek 
UDM/5 1,540±60 BP (ANU-8133) 1,548 – 1,317 8B 20cm 5 (III) 9 104 All 
McDonald 
2008:187,199 
Mangrove 
Creek 
UDM/8 4,030±140 BP (ANU-8132) 4,856 – 4,099 8B 
34-
39cm 
8 (IV) 1 115 All 
McDonald 
2008:187,199 
Cumberland 
Plain 
WGO3-2 1,580±60 BP (Beta-120747) 1,605 – 1,346 T5.K 
25-
35cm 
- 123 137 Total for Trench 5 JMcD CHM 1998 
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Appendix 17  Glossary 
ADI. The Australian Defence Industries site, now the St Marys Development Site. 
AHD. Above Height Datum, nominally sea level. 
Anvil: A flat stone with pitting on its surface. In bipolar flaking a core is rested on a stone 
anvil. Some of the force applied to the core is transmitted to the anvil, which results in 
pitting damage to the anvil surface. 
Artefact: A stone object with a flaked, ground or pitted surface (or remnant surface) 
attributable to an action by Aboriginal people. Artefacts do not include heat shatters or 
manuports which may have been transported but do not have flaked, ground or pitted 
surfaces. The flaking, grinding or pitting may have occurred at any time in the life history of 
the object. 
Assemblage: Any collection of artefact data pooled for analysis. There is no assumption that 
an assemblage consists only of data from artefacts which were spatially, temporally or 
functionally related in a specific archaeological context (cf. Shott 2010). An assemblage may 
be the data from artefacts of one raw material type from a spatial or temporal unit, or from 
many pooled spatial and/or temporal units. It might be data for all artefacts of a particular 
type, such as cores or flakes. Assemblage is simply a collective term for data under analysis. 
Asymmetric flaking:  Small flakes (in the form of core preparation) are removed from the 
platform surface (1). Then (potentially useable) larger flakes (2) are struck from that 
prepared surface. This technique includes platform faceting and was associated with backed 
artefact production (Baker 1992; Hiscock 1993; Witter 1990:52-53). 
Backed artefact:  A flake or piece of a flake with blunting (vertical) retouch along one or 
more margins. Backing was used to shape the artefact. The retouch occurred after the flake 
was struck from its core (so excluding ridge straightening flakes). Backed artefacts occur in 
various shapes such as Bondi points (long narrow forms), geometrics (triangular to 
trapezoidal), or as amorphous shapes. 
Backing flake: A flake with remnant backed retouch on its dorsal surface and perhaps bipolar 
distal attributes from backing being conducted on an anvil. See also Way and Pope (2018).  
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Band: A local land using group, which may consist of members of a clan (see below) as well 
as other family members and friends (Attenbrow 2010a:22; Peterson and Long 1986:26ff). 
Bifacial flaking: Flakes are struck from the two faces of a platform edge. A bifacial pattern of 
removal makes use of the bulbar scar from one flake removal to give a lower platform angle 
for a flake removed from the alternate face of the platform edge (Flenniken and White 1985: 
136; Witter 1990:31); hence reduction proceeds from the two faces of a platform edge. 
Bipolar flaking:  A reduction technique whereby a core is rested on an anvil and force 
applied to it an angle close to 90o, towards the core’s contact with the anvil (Holdaway and 
Stern 2004). Force passes through the core and bounces back from the anvil. The resulting 
flakes and core show crushing at the end which was struck by the hammer stone and at the 
end which was in contact with the anvil. Bipolar flakes often ha e sheared or compressed 
bulbs of percussion (Cotterell and Kamminga 1987:688,698, 699-700). 
Boulder:  A rock more than 25.6cm in size. 
Bulb of percussion:  A convex curve on the ventral surface of a flake, just below the point of 
force application. When a flake is detached form a core as a result of a blow applied at a 
single point, stress waves are generated and a cone crack (Hertzian cone) develops. The bulb 
of percussion results from a readjustment of the fracture surface at the base of the Hertzian 
cone (Speth 1972:35,38). 
Clan: A local descent group with ownership of, or responsibilities for, specified territories or 
estates (Attenbrow 2010a:22; Peterson and Long 1986:52ff). 
Cobble:  A rock more than 6.4cm in size and less than 25.6cm in size. 
Cone-split broken flake.  Longitudinal cone-split broken flake, left or right half. A broken 
flake, split vertically along its long axis, often through or close to its point of force 
application, bisecting the platform. 
Confidence interval: A range of values attached to a sample and within which the value of 
the population is likely to fall. 
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Confidence level: Statistical measure of how certain (confident) we can be of a result. For 
example, a 95% confidence level means that there are only 5 chances out of 100 that a 
distribution may have arisen by random chance.  
Conjoin:  Two or more artefacts which can be joined or refitted together along fracture 
surfaces or breaks. Conjoins Include pieces of broken artefacts refitted to make a more 
complete artefact, and two or more separate flakes, tools or cores which join together. 
Core (functioning as a raw material supply). A piece of stone which was flaked to produce 
artefacts for use as tools or for further artefact production. The piece of stone may have 
originally been a cobble, a weathered nodule, a flake, a piece of a flake, a heat shatter or 
other natural rock (Gorman 1992). Cores are artefacts with negative flake scars only, or 
where former flakes (or pieces of former flakes) were reduced as cores, the negative scars 
intercept the ventral surface of the former flake demonstrating that the scars are more 
recent in the reduction sequence than the flake used as the core. 
Core nesting. A process of stone reduction which commences with procurement of 
natural rocks (cobbles, pebbles, weathered nodules) or potentially quarried blocks, 
and these rocks/blocks were fragmented into smaller pieces (by flaking and heat 
shattering), some of which were reduced as cores. Some flakes struck from those 
cores may in turn have been reduced as cores, and some of those flakes may have 
been reduced as cores (Moore 2000). In this nesting process, a single cobble may 
give rise to many cores. 
Core-tool:  A core which was also used as a tool. 
Core type, form or body: Refers to the original form of a core, e.g. a cobble, a flake, a heat 
shatter or a natural spall (Baker 1992; Koettig 1994 Vol 5:1).   
Cortex: Outer, smooth, weathered layer of stone, often with arcuate fracture (impact points) 
from having been transported in a stream or other high-impact environment (Doelman et al. 
2015; Dr Andrew McLaren personal communication). 
Cultural lithic: Any stone object which might have been present in an assemblage through an 
action by an Aboriginal person. An inclusive term which includes artefacts (see above), 
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manuports, indeterminate and heat shatter stone of raw material types which do not occur 
naturally on a site. 
Curation:  A strategy of caring for tools or materials that includes advanced manufacture, 
transport, resharpening and caching or storage. A key feature is the preparation of raw 
materials in anticipation of inadequate conditions (materials, time or facilities) under which 
tools could have been made at the time and place of their use (Nelson 1991:63). 
Debitage:  Unused, unmodified stone artefacts. 
Decortication:  The deliberate removal of cortex from a core. For some materials the 
weathered cortex does not transmit force well, or in the case of silcrete with arcuate 
fractured cortex, causes irregular fracture. Cortex was sometimes deliberately removed so 
that difficult or unwanted stone was not unnecessarily transported. 
Deeper IMSTC Sequence: A vertical distribution of artefacts in a deposit which shows a 
higher proportion of IMSTC artefacts in the deeper part of the deposit and the IMSTC 
assemblage did not result from backed artefact production. 
Dorsal:  The outside or back of a flake. The surface may have cortex on it, a heat shattered 
surface, flaws or the negative scars of flakes previously struck from a core. 
Elongate:  A flake at least twice as long as it is wide, or more than twice as long as wide 
(JMcD CHM 2005a:45). 
ERS. Eastern Regional Sequence. A general outline of change over time in artefact 
assemblages in south-east Australia. 
Expediency:  A strategy in which tools are made and used in the same place with minimal 
effort under highly predictable conditions. Expediency depends on available raw materials 
(e.g. through stockpiling or storage), time to make the tools and long or regular occupation 
of a place so as to take advantage of the stockpile or store (Nelson 1991:64; Parry and Kelly 
1987). 
Faceted platform:  Numerous small flake scars (<5mm) on the surface of a platform, 
resulting from core preparation (JMcD CHM 2005a:45). 
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Flake:  A piece of stone struck from a core. It has a series of characteristic features such as a 
platform (unless crushed during flaking), a point of impact (force application), Hertzian cone, 
bulb of percussion, ripple marks and may have a bulbar scar (also called erraillure scar) and 
lines of shear fracture (Speth 1972:35). These features are more or less pronounced, 
depending on the quality of the stone material, the hardness of the hammer relative to the 
stone, and whether an anvil was used and the manner of its use. 
Flake fragment:  A piece of a flake not having a platform. Flake fragments have identifiable 
bulbar or ventral surfaces, and ripple marks may be present. It is possible to orient some 
flake fragments towards their missing points of force application (point of impact). 
Flaked piece:  A flaked artefact which could not be defined as a flake, broken flake, flake 
fragment, a core or retouched item, but which shows features diagnostic of the flaking 
process. Heat shatters and naturally spalled pieces are not counted as flaked pieces. 
Flaking pattern:  The manner in which force was applied to cores to remove flakes. 
Reduction may have made use of unifacial, bifacial, asymmetric and bipolar techniques. 
Focal platform:  A platform whose area is less than twice the area of the ringcrack. Where 
the ringcrack is not visible platforms 2mm or less across are classified as focal (JMcD CHM 
2005a:45). 
Hammer stone:  A stone used to strike a core. Hammer-stones retain pitted wear on a 
narrow margin or point. 
Heat shatter:  A piece of stone which was broken by heat. Heat shatters may be rounded to 
elliptical pot lids (flat on one surface and dome-shaped on the opposite surface), or pieces 
with potlid scars.  Some heat shatters have rough and crenated surfaces, like crumpled alfoil 
(Gorman 1992:158). 
Heat treatment:  The intentional use of heat to improve the flaking qualities of stone.  
Silcrete changes colour from yellow to red, brown or purple after heating, and when flaked 
the artefact surfaces are usually more lustrous. The identification of heat treatment through 
the use of colour and texture is not entirely accurate and may have an error rate of <10-20%. 
Errors in identification may arise through incomplete heating of silcrete before flaking, 
weathering of artefacts after flaking, and because some silcrete may be naturally lustrous, 
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regardless of whether it has been heated or not (Corkill 1997; JMcD CHM 2006; Moore 
2000). 
IMSTC. Indurated mudstone/silicified tuff/chert. A rock type variously referred to as 
indurated mudstone, silicified tuff or chert. It is a fine grained silicified sedimentary rock 
which consists of tuff (volcanic ash) which fell into water and/or fell onto land and was 
washed into water, as well as other fine grained ‘mud’ sediments which were also washed 
into water. The sediments were silicified after deposition (Corkill 1999; Fahey 1994; Hughes 
et al. 2011; Kuskie and Kamminga 2000). 
Knapping concentration:  An area of high or moderate density of stone artefacts from 
intensive flaking or one or more blocks of stone. Artefacts are of the same stone, small 
debitage is present and artefacts can be conjoined. On the Cumberland Plain these features 
are usually associated with the production of backed artefacts. 
Lithics: Artefacts, heat shatters and manuports which have a cultural origin. 
Long flake: A flake longer-than-wide in shape, but less than twice as long as wide (JMcD CHM 
2005a:45). 
Manuport:  An unmodified lump of rock, occurring beyond its natural context and 
reasonably considered to have been carried to its location by Aboriginal people. 
Minimum number of individuals: An estimate of the minimum number of artefacts which 
made up an assemblage prior to artefact breakage. 
Maximum size: The maximum size of an artefact, measured in any direction.  
Nesting. See core nesting. 
Nodule: A lump of weathered stone (e.g. silcrete) which may or may not retain some original 
cortex (e.g. gravel, natural spall). Nodules are broken pieces of stone which were 
subsequently weathered but not to the extent of forming cortex with arcuate fracture.  
Non-site analysis: An assemblage or analysis which ignores the geographic provenance 
of artefacts (sites) and combines artefact data in relation to some other variable, 
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such as the type of landscape setting, nature of deposits, presence or absence of raw 
material sequences. 
Opportunism: A response to immediate unanticipated conditions (Nelson 1991:65); 
situational variation (Binford 1989). Tools were made from whatever materials were 
available at the time and place of need, using reduction techniques appropriate to the 
materials and tasks at hand (Binford 1979;264,266-267). 
Overhang removal:  A series of small scars on the dorsal surface of a flake, just below the 
edge of the platform, resulting from striking or brushing the platform edge to remove 
overhang, prior to detachment of the flake from its core.  
Pebble:  A rock less than 6.4cm in size. 
Phase: A particular period of time within the Eastern Regional Sequence. 
Plain platform:  The surface of the platform of a flake or proximal broken flake consists of a 
single, fairly smooth surface, which may have been formed by a partial flake scar, flaw or 
other type of surface, but not cortex (JMcD CHM 2005a:45). 
Platform:  The surface of a core which was struck to remove a flake. The surface on a flake 
(or proximal broken flake) which was struck to remove it from a core. 
Platform debitage.  Unmodified flakes, proximal broken flakes and cone-split broken flakes. 
Proximal broken flake.  The proximal end of a flake, with one or more margins broken. It has 
a platform (unless crushed during flaking), point of force application, and bulbar surface, 
usually with ripple marks but one or more broken margins. Flakes with step terminations are 
classified as broken flakes, due to the difficulty of consistently distinguishing step 
terminations from snaps (Holdaway and Stern 2004:116). 
Quarry:  A place from which naturally-occurring stone was obtained/extracted. The evidence 
for extraction includes a natural source of artefact quality raw material and artefacts created 
during fragmentation (Hiscock and Mitchell 1993:13-14). The nature and quantity of the 
evidence varies. Where the source was fluvial, evidence of quarrying should include cortical 
flakes and fragments. 
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Rainfall erosivity: This is based on storm energy and rainfall intensity. Energy is measured in 
MJ/ha (mega joules per hectare), and rainfall intensity is measured in mm/h (mm per hour). 
Hence, rainfall erosivity measured on a mean annual basis is MJ.mm/(ha.h.year) (Professor 
Yu at Griffith University, personal communication, 4 Nov 2016). 
Rationing: The careful use of resources, particularly transported stone. 
Raw material:  The type of stone from which artefacts were made, e.g. silcrete, IMSTC 
(indurated mudstone/silicified tuff/chert), quartz, silicified wood, quartzite, hornfels etc. 
Raw material sequence: A vertical distribution of artefacts in a deposit which shows 
variation in raw material proportions with depth. There is no assumption that the deposits in 
which those artefacts occur are stratified or layered. It is expected that there will have been 
vertical movement of artefacts, such that conjoining could link artefacts occurring at 
different depths. Raw material sequences indicate that artefacts were discarded at different 
times in prehistory and that sufficient time elapsed for artefacts to be buried at different 
depths and some evidence of that is retained in the vertical distribution. 
Recycle: Convert waste to reusable material (Australian Pocket Oxford Dictionary 1993). 
Recycled artefacts have older weathered surfaces intercepted by less weathered flaked, 
pitted or ground surfaces. Recycling may have been part of expedient or opportunistic 
technological strategies which regard any stone as potentially useable or multifunctional. 
Reduction sequence:  A description of the order in which reduction occurred within one 
block of stone (Hiscock 1993:65). 
Reduction strategy: The guidelines used by knappers to enable them to apply their skills 
(Hiscock 1993:65). The Redbank A Strategy of reduction and backed artefact production is a 
generalised step-by-step sequence which results in artefacts with particular attributes 
(Hiscock 1993). Nelson (1991:57) defines strategies as guides which balance tool design, 
manufacture, use and discard in response to resource conditions and other economic and 
social strategies. 
Remnant fragments: Heat shatters or other broken fragments which retain remnant flaked 
surfaces, such that the flaked surface covers only 60% or less of the total surface area of the 
artefact. 
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Retouched:  The negative scars from flaking are struck from surfaces in such a way as to 
indicate that retouching is more recent in a reduction sequence than the artefact being 
retouched. For example, retouching scars may have be struck from or intercept with the 
ventral surface of a flake. The scars are generally too small for the retouching flakes 
themselves to have been used as tools (e.g. <10mm in size). 
Retouched Tool:  Artefacts with retouched margins which also exhibit usewear, such as 
rounding or striations, or which are identifiable types such as thumbnail scrapers, notched or 
serrate retouched tools. 
Retouching flake/debitage:  Flakes which were struck from tools and retain some usewear 
on the dorsal margins of their platforms and/or dorsal surfaces. 
Ridged platform:  The surface of the platform has one or more ridges across its surface, 
resulting from the margin of a previous flake removal during reduction from some other 
platform. It indicates core rotation (JMcD CHM 2005a:45). 
Ridge-straightening:  Small flakes removed to straighten a ridge on a core. Irregularities in 
the shape of ridges could disrupt the flow of force through a core and flakes of irregular 
shape may have been removed (Hiscock 1993). Ridge-straightening was used in blade 
production to ensure that long thin flakes with parallel margins were produced. 
Ringcrack: This was a circular to elliptical shallow crack on the platform surface at the point 
of the hammerstone’s impact. It was about 20% larger than the radius of the contact circle 
(Speth 1972:35,38). 
Scarred platform:  The surface of the platform has one or a few scars (or partial scars) on its 
surface, the initiation point of these scars being the dorsal edge of the platform. They result 
from bifacial or asymmetric flaking (JMcD CHM 2005a:45). 
Site: An area of land with artefacts. There is no assumption that a site is a behavioural 
construct, or bounded in any way by human actions or beliefs (cf. Dunnell 1992) or by 
particular geomorphic processes. 
Spit: An excavation unit of fixed thickness. 
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Stream order: A classification of stream size based on joining tributaries. The smallest 
tributary stream are 1st order, two 1st order streams join to form a 2nd order stream, two 2nd 
order streams join to form a 3rd order stream, two 3rd order streams join to form a 4th order 
stream, and so on (after Schreve 1966 and Strahler 1957). 
Technological organisation:  The study of the selection and integration of strategies for 
making, using, transporting and discarding tools and the materials needed for their 
manufacture and maintenance (Nelson 1991:57). 
Technology:  The knowledge or use of the mechanical arts and applied sciences (The 
Australian Pocket Oxford Dictionary 1993:1091). The total sum of stone knapping knowledge 
possessed by a group of knappers and demonstrable from the end-products of their 
knapping behaviour (Flenniken and White 1985:131). 
Termination:  The distal end of a flake; the margin opposite the platform (proximal) end. 
Time averaging: This term recognises that artefacts on a site derive from individual flaking 
activities but those activities may have been conducted at different times and under 
different conditions (e.g. different seasons/climates, different social contexts) and differently 
affected by geomorphic or other processes after discard. Time-averaging is the combination 
of artefacts in an assemblage, regardless of variation between activities and post-discard 
effects (Allen and Holdaway 2009; Lyman 2003; Stern 1994, 2008).  
Time span: The length of time which elapsed between the oldest and the youngest artefact 
in an assemblage. 
Unifacial flaking: Sometimes called unidirectional flaking. Reduction from one face of a 
platform (in contrast to bifacial flaking, see above).  Plain smooth platforms (i.e. without 
flake removals or preparation of the platform surface) may have been cortical surfaces of 
cobbles, heat shatter surfaces, or the ventral surfaces of former flakes. 
Upper Quartz Sequence: A vertical distribution of artefacts in a deposit which shows a 
higher proportion of quartz artefacts in the upper part of the deposit. 
Ventral surface:  The surface of a flake which joins onto the core; the ‘front’ of the flake. This 
surface has the Hertzian cone, bulb of percussion, ripple marks, shear fracture (Speth 
1972:35; see flake above. 
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Wide flake: A flake wider-than-long in shape or as wide as it is long (JMcD CHM 2005a:45). 
Xenolith: A rock differing in composition from the rock which engulfed it. On the 
Cumberland Plain pebbles of quartz and other rock types from deep sedimentary strata were 
brought to the ground surface by volcanic activity. 
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